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CHEMICAL ANALYSIS OF SAMPLES
FROM INTEROCEANIC CANAL ROUTE 17

Abstract

This report contains data on the chem-
ical analysis of core samples taken along
the Atlantic-Pacific Interoceanic Canal
Route 17, Route 17 in Panama is one of
the principal routes now being considered
for excavation of a canal by nuclear
means.

This report contains a brief discus-

sion of sampling procedures, analytical

methods, sources of contamination, and the
accuracy of analytical results. Lawrence
Radiation Laboratory analyzed each of the
samples for 84 constituents and a U.S.
Army Corps of Engineers laboratory
analyzed the samples for major elements,
Four sets of analyses from the two
laboratories are compared, and the signif-

icance of the comparisons is discussed,

Introduction

Chemical analyses were obtained for
39 core samples taken along the Atlantic-
Pacific Interoceanic Canal Route 17,
These analyses were obtained in support
of the Atlantic-Pacific Interoceanic Canal
Study Commission. Figure 1 is the map
of the route showing the location of the
core holes and an outline of the geology
of the area.

Chemical analyses obtained under the
direction of Lawrence Radiation Labora-

tory for 84 constituents in each of 39

core samples are given in Appendix A,
Appendix B contains the major element
analyses obtained by the U.S. Army
Engineering Division Laboratory, South
Atlantic Corps of Engineers (Corps of
Engineers), Marietta, Georgia, '

1A. G. Sutton, Jr., Subsurface Geology
Data Collection, Raw Data— Liaboratory
Results, Atlantic-Pacific Interoceanic
Canal Study Commission, Balboa Heights,
Canal Zone, Memorandum IOCS-FD-60
(1968), Part IV, Chemical Tests, Route 17.

Sampling

Core samples were taken under the
direction of the U.S. Army Corps of Engi-
neers. Bentonite mud was used as a

coolant for the drill bits. Cores were

protected from water loss in several ways,
which included dipping the bare core in
paraffin, wrapping the core in cloth and

dipping in paraffin, wrapping in plastic
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Geologic map of Atlantic and Pacific Interoceanic Canal Route 17.




and dipping in paraffin, and wrapping in

aluminum foil and dipping in paraffin.
The criteria applied in selecting core

samples for chemical analysis were as

followsz:

1, Select approximately four samples
for each major lithologic type
likely to occur at shot depths along

(Actual

number of samples taken for each

the Route 17 alignment.

rock type ranged from two to seven,
depending upon the relative
importance of that lithology in the
overall stratigraphic section and
the degree of compositional vari-
ability due to facies changes and/ -

or alteration.)

2. Samples selected should reflect the
range of compositional variations
within each lithologic type due to
facies changes and/or alteration.

3. At least one sample should be taken
from each borehole to facilitate
recognition of possible composi-
tional changes on a regional scale.

4. Specimens selected for analysis
should include those for which other
data (physical properties tests,
slaking tests, and/or petrographic
analyses) are already available.

Samples for chemical analysis were
taken from the pieces of core that re-
mained after specimens had been removed
for physical properties tests, slaking
These

pi'eces of core ranged from 6 to 24 in. in

tests, and petrographic analysis.

2P. R. Fisher, U.S. Army Corps of
Engineers Nuclear Cratering Group,
Livermore, Calif., private communica-
tion (1968).

length. The soft cores of clay and shale
were sliced into disks with a knife. The
outside edges of the disks were then pared
off to remove contamination introduced by
All cores of hard

rocks, except portions taken for water

the coring operation.

analysis, were sliced into disks with a
diamond wheel. The outside edges of
these disks were chipped off with a ham-
mer and chisel to remove contamination
from the coring operation.

Samples for water analysis were
broken off the core with a hammer and
chisel immediately after the core was un-
wrapped. These samples were promptly
crushed in a chipmunk crusher and sealed
in plastic bags. Each bagged sample was
stored in a sealed paint can until it was
analyzed for water,

Two portions of each sample were
pulverized for elemental analysis. One
portion, pulverized in a chrome-steel
unit, was used to obtain the tungsten and
cobalt analyses. The second portion,
pulverized in a tungsten carbide unit, was
used to obtain the iron and chromium
analyses.

The procedure for preparing the sam-
ples was designed to minimize sample
contamination, but some sources of con-
tamination remain. Contamination from
minerals in the water used to cool the
cutoff saw is difficult to determine but
probably negligible, because the cores
were generally nonporous. Traces of Fe,
Ni, Cr, Cu, Zn, Pb,and Sn could have
been introduced from the cutoff saw. The
iron contamination from this source is
probably negligible compared with the Fe
content of the samples, but the Ni, Cr,
Cu, Zn, Pb,and Sn results will be biased

high.



Analysis

All samples were dried at 110°C for
all analyses except the free- and bound-
water analyses.

The free-water content of six samples
was determined by heating the samples to
110°C in a vacuum. The water was col-
lected and weighed. The accuracy of this
method is about +5 percent of the free-
water content of the sample. However,
the free-water content of rock samples is
very dependent on sample history. Free
water may be either gained or lost in cor-
ing and subsequent handling operations.
Of the four methods used to protect the
cores from water loss, the method of
wrapping in aluminum foil and dipping in
paraffin is the only one adequate to pre-
vent loss of free water during long-term
(1-6 monthg) storage. All of the aluminum-
foil-wrapped cores in this group of 39
samples had been opened prior to sam-
pling for chemical analysis. Therefore,
the six analyses for free water were run
on samples preserved by one of the other
three methods. Results for these six
samples are probably low.

The bound-water results show the
amount of water evolved by the samples
when they were heated between 110 and
1000°C in a vacuum. The water was col-
lected and weighed. In the absence of
hydrocarbons, the accuracy of this method
is about 5 percent of the bound-water con-
tent of the sample. At temperatures
approaching 1000°C, hydrocarbons in the
rock samples can react with metallic
oxides to form water. This reaction
probably occurred on the 781-ft sample

from Hole No. 17-CH-13, because oil was

collected in the water trap during the
analysis. When this reaction occurs, the
bound water results are biased high. The
bound-water content of rock samples is
not very dependent on sample history,
although overheating during the coring
operation can cause a loss of bound water.
Except for the sample mentioned above,
the bound-water results probably repre-
sent the actual bound-water content of the
in situ rock.

To determine the ratio of Fe(II) to
Fe(Ill), samples were leached in a solu-
tion of HCl and HF under an inert atmo-
The Fe(ll) and Fe(Ill) contents

of the solution were determined by titra-

sphere.
tion. The accuracy of the titration is
about +1 percent of the Fe(Il)-Fe(Ill) ratio
in the solution. For samples which dis-
solve completely and are free of interfer-
ing elements, this method gives results
which approximate the Fe(Il)-Fe(III) ratio
of the in situ rock. However, rock sam-
ples seldom dissolve completely in the
HC1-HF leach solution and almost always
contain some interfering elements.
During the determination of total iron,
it became evident that the iron in many of
these samples was not leached out of the
rock completely by the HC1-HF leach
solution. The total iron was determined
on separate samples that were com~
pletely dissolved in a solution of HNO3,
HC104, and HF., Table I compares the
total iron content of these samples with
that of the HC1-HF leach solutions. These
data indicate that the iron was not always
completely leached out of the rock by the

HCI1-HF leach solution.




Table I. Comparison of total-iron-analysis results for samples leached in HCl -HF'
solution and samples completely dissolved in HN03-HCIO4-HF solution,
Total Fe, % - Total Fe, %
Sample No. Depth, ft Leached Dissolved | Sample No. Depth, ft Leached Dissolved
17—CH-4a 113 2.54 4,59 17-CH-12 179.8-182.3 6.52 6.71
17—CH—4a 385 3.30 4.68 17-CH-12 288.2-289.0 5.80 6.13
17—CH—5a 195,2-196.8 1,33 1.36 17-CH-12 385.6-387.1 6.97 7.18
17-CH-5 284.0-284.7 1.46 1.45 17-CH-12 970 5.15 5.37
17-CH-5 400 1.85 1.83 1'7--CH—13EL 321 4.70 5.56
17-CH-6A 650 3.52 3.46 17-CH-132 781 4.58 5.48
- - .3- .
17-CH-7  104.3-106.8 7,12 7.22 17-CH-14  496.2-497 4
17-CH-7 647,.6=-648.6 6.86 6.88 and
17—CH—7a 672 1.29 9.95 500.5-501.2 5,92 6.02
17-CH—8a 260.8-262.7 3.01 3.50 17-CH-14 576, 5=578, 2 4,89 5.06
17—CH-9&1 352 4.08 5.40 17-CH-14 601.4-603.9 5.16 5.35
17-CH-9%  460-462 1.26 2.13 17-CH-14 715 4.98 5.19
- - 648-658
17-CH 9a 48-6 2,32 2.73 17-CH—15a 272.5-274.0,
17-CH-9 873 3.56 4,35 275,2-275.9,
a and
- - 363.7-364.2
17-CH-10 . 278.9-279.2 4,23 4.83
365.3-366.5
. 0.53 0.5 | 17 cH-15% 416.8-417.8
17-CH-10% 495 1.40 2.14 and
17-CH-11 86.1-89.0 5.60 5.78 418.9-420.2 4,61 4,92
17-CH-11 496.5-499.0 +6.12 6. 24 17-CH-172 113 4,84 5,72
17-CH-11 801.8-803.2 6.98 7.05 17-CH-182 208.2-209.8 2.39 2.52
17-CH-11 925.8-928.7 6.20 6.21 17-CH-21 150.5-154.5 5,27 5,37
17-CH-12 118.4-119.1 17-CH-22 500 7.33 7.37
and
120.2-120.8 5. 11 5 49 | 17-CH-22 1443 6.10 6.49

aContains more than 0.1 percent sulfur.

Many of these samples contained more
Part of this
sulfur is probably present as sulfide,
which reduces Fe(Ill) to Fe(Il) during the
This causes results

than 0.1 percent sulfur.

leaching process.
for the Fe(ll)-Fe(Ill) ratio to be biased
high.

The analytical results for core sam-
ples with less than 0.1 percent sulfur and

good agreement between the two analyses

for total iron are probably within 5 per-
cent of the actual Fe(II)-Fe(Ill) ratio in
the samples. Results for samples with
more than 0.1 percent sulfur or poor
agreement between the two total-iron
analyses probably do not represent the
actual Fe(II)-Fe(Ill) ratios of their
respective cores.

Methods used to obtain the remaining

analyses include wet chemistry, atomic




absorption spectroscopy, emission spec-
trography, and spark-source mass
spectrography. Results are shown in

Appendix A.

The samples that were analyzed rep-
resent only the 6-24 in. of the core from
which they were taken. Their relation to
the in situ rock formation depends pri-
marily on the homogeneity of the rock
mass, which can be estimated by compar-
ing the major element analyses obtained
by the Corps of Engineers (Appendix B)
with the corresponding analyses obtained
by LRL.

On some samples, the Corps of Engi-
neers analyzed alternate slices of the

same core used by LRL. For these sam-
ples, the Corps of Engineers lab and LRL
sample numbers, the core hole and boring
numbers, and the depth of sample corre-
spond. On other samples, the Corps of
Engineers used a different section of core
than LRL. For these samples, the var-
ious numbers and depths are different.

A comparison of the results shown in
Table II illustrates the differences in
composition that may be expected of sam-
ples from rock formations that vary from
homogeneous to heterogeneous. The anal-
yses shown for Core Hole 17-CH-13 at a
depth of 321 ft typify a homogeneous core
sample. The analyses shown for Core

Hole 17-CH-13 at a depth of 321 ft typify a -

homogenous core sample. The analyses
shown. for Core Hole 17-CH-5 at a depth
of 400 ft indicate that the core sample is
heterogeneous. The heterogeneity in this
sample could be caused by pebbles of one
rock type included in a matrix of a differ-
ent type, by lamination of two or more

rock types, or by a transition from one

type of rock to another within the length

of the core.

The two samples taken from Core Hole
17-CH-13 at 781 and 789 ft represent a
formation that has a fairly uniform com=-
position throughout this interval of depth.
For Core Hole 17-CH-10, the sample taken
at 500 ft is a distinctly different type of
rock than the sample taken at 495 ft. Some
knowledge of the geology associated with
the core hole is required to determine
whether one of these samples represents
a matrix and the other represents an in-
cluded boulder or whether the two samples
were taken from different rock formations.

Water analyses for two sets of samples
are also given in Table II. The hygro-
scopic water reported by the Corps of
Engineers represents the weight lost by
the sample when it was dried in an oven
at 105°C. The water of crystallization
they report is the water evolved by the
sample between 105 and 850°C. The sam-
ple was heated in a tube furnace. The
water of crystallization was collected on
magnesium perchlorate and weighed. For
the 400-ft sample from Core Hole 17-CH-5,
the difference between the Corps of Engi-
neers hygroscopic water and the LRL free
water, as well as the difference between
the Corps of Engineers water of crystal-
lization and the LRL bound water, is due
to the different analytical techniques. The
total water content reported by the two
laboratories agrees within the limits of
analytical error.

The difference between the Corps of
Engineers water of crystallization and the
LRL bound water on the 789-ft and 781-ft
samples from Core Hole 17-CH-13 is
probably due to the difference in analytical

L2N



Table II. Comparison of results obtained by the Corps of Engineers and Lawrence
Radiation Laboratory, All results are in percent,

Sampling Alternate slices

procedure: of same core sample Different core samples
Core hole: 17-CH-13 17-CH-5 17-CH-13 17-CH-10
Depth, ft: 321 400 789 781 500 495

Laboratory: Cof E* LRL Cof E* LRL Cof E* LRL Cof E* LRL

SiO2 47.30  48.37 54.23 49.44 50.71 46.74 - 71.94  48.56
A1203 16.14 16.52 14.16 7.28 17.51 16.52 3.10 7.80
Fe203 7.79 7.95 5.69 2.62 8.48 7.84 1.23 3.06
MnO 0.05 0.06 0.06 0.05 0.95 1.03 0.08 0.10
TiO2 0.73 1.25 0.39 0.43 0.05 1.28 0.08 0.30
P205 1.60 1.37 0.23 0.09 0.25 0.18 0.06 0.06
CaO 6.46 6.32 9.72 18.66 4.77 7.36 10.77 19.22
MgO 3.93 3.00 2.44 1.16 3.40 3.25 0.83 1.69
Na2O 1.60 1.75 1.54 1.27 1.40 1.89 0.42 1.48
K20 1.55 1.69 0.76 0.90 0.97 1.45 0.28 0.98
CO2 5.69 5.90 5.08 12.20 3.60 4.99 9.39 13.30
Total 92.84 94.18 94.30 93.92 92.09 92.53 98.18 96.55
Hygroscopic H20 1.53 4.78
Free HZO 4.02 16.96
HZO of Crystallization 6.18 6.88
Bound H20 3.62 4.84
Total HZO 7.71 7.62 11.66 21.80

aCOI‘pS of Engineers' results for oxides are corrected to an oven~dried (105°C) basis.

techniques. However, the difference be- actual water content of the in situ rock
tween the Corps of Engineers hygroscopic differed by a factor of 1.87. However, it
water and the LRL free water, together is more probable that the difference in the

with the difference in total water found by total water content of the two samples is

the two laboratories, indicates that the
' . the difference in the amount of water lost
two samples actually had different water

contents. Because the samples were by the two samples due to poor packaging

taken 8 ft apart, it is possible that the techniques.
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Appendix A

ELEMENTAL ANALYSIS OF CORE SAMPLES BY
LAWRENCE RADIATION LABORATORY

These data were obtained by wet chemistry, atomic absorption spectroscopy,
emission spectrography, and spark-source mass spectrography. For the analyses
by the first three methods, the approximate accuracy is given as a percentage of
the concentration of the element in the sample. Where the accuracy is not indicated,
the results were obtained by spark-source mass spectrography. A comparison of
results indicates that spark-source mass-spectrographic results generally agree
within a factor of 2 with the results obtained by more accurate methods. Spark-
source mass-spectrographic results that disagree with more accurate results by
more than a factor of 2 are usually biased high.

Elements for which no results are given are present in concentrations of less

than 1 ppm.




ANALYTICAL REPORT

Calcareous shale
Material with silty interbeds IRL Sample No. 222/183

17-CH-4 113!

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na t ¥% % 50. Sn t 0.1 %
2. H pg 3 S 51. Sb * 0,05 2
3. Li z P B%._ 52T : 3
L, Be pp ] = 53, I E *
5.B + 70 50% 55, Cs + 0.8 +
6.C na * x 56, Ba * 180 i
7-N na t * 57. La z 8 T
8.0 na * * 58. Ce t 13 *
9. F na * * 59, Pr * o +
11. Na _1.0 5% t 60. Nd * 6 z
2. My _3.0h 2% 3 61. Pm 3 E3
13. A1 8.9 1oq I 62. Sm z 5 £
1h. 81 24,57 *2% z 63. Eu * o 2
15. P 0.008  *10% £ 6L, Gd k3 > *
6.5 _3.50 3% * 65. T x 0.3 %
17. C1 pa ! * 66. Dy z 2 z
19. X 081 5% £ 67. Ho z £
20. Ca 3,00  Z2% * 68. Er x 1 x
21. 8¢ na * * 69. Tm na Ex T
22. Ti _0.63 5% E3 70. Yb £ 1 T
23. V * 250 x 71. Iu t t
2, Cr x 50 50 72. HEf x *
25. Mo _0.0L £20% ES 73. Ta na, 3 t
26, Fe  L4.59 1 o, 3 T4, W * E
27. Co % 6 * 75. Re na, x +
28. Ni t 105 t 76. Os * 0.3 =%
29. Cu * 120 % 7. Ir x *
30. Zn : o % 76. Pt : *
31.. Ga na + + 79_ -Au * +
32. Ge pg £ x 80. He £ *
33. As £ 2 £ 81. T1 x *
34, Se * 0.3 12 82, Po * L t
35. Br x 2 * 83. Bi * *
37. Ko £ 8 £ 8k. Po * *
38. Sr ] oo % 85. At I T
39. Y 3 20 x 86. Rn * t
L0, Zr * 55 * 87. Fr + +
41. No £ 2 E3 88. Ra * x
h2. Mo * 9o % 89. Ac e z
43, Te * * 90. Th * =
4L, Ru * 0.1 % gl. Pa x £
45, Rh pg * & 92. U x 1 I
4. Pa * x 93. Np x E]
&7, Ag * 0.1 % 9L. Pu £ £
L3. ca 3 £ 95. Am z x
k9. In x 0.05 % 9. Cm 3 3
*C0 2.63 5% + + *
re"2/Fet3 075 5 z z e
Method of Analysis: Analytical ILab.
*CO, from carbonate Lab. Sample No.
*¥PExpressed as a percent of the concentration Date:

na - not analyzed Signed:

RL-363%5

-10-




ANALYTICAL REPORT

Material Calcareous shale LRL Sample No. 111
17-CH-4 385¢
Z Weight % Weight PPM Z Weight % Weight PPM
1. E na Tox% * 50. Sn * 0.05 &
2. He pg x * 51, Sb x 0.1 *
3. Li t 71 % 52, Te > 2
4. Be pa * * 53. 1 3 2 t
5.8 * 80 % 55. Cs £ 2 x
6.C na £ * 56. Ba * 1450 . *
7. N na x - 57. La * 1k *
8.0 pa £ * 58, Ce * 16 x
9. F ng £ * 59. Pr x 5 *
11. Na 1.6 5q x 60. Nd x 2. x
2. M _1.82 29 * 61. Pm * *
13. AL 8,90 *2% x 62. Sm x 7 z
14, 81 25,14  *2% * 63. Eu t 1 t
15. P 0,049 *5% x 64, Gd x 2 *
6. 8 2.45  fgg : 65. To = 0o %
17.Cl na : * 66. Dy * ) *
19. K _0.97 Zsq * 67. Ho x 0.k
20. Ca _3.54 Zpq * 68. Er x 2.5 %
21. S¢  na £ £ 69. Tm na E3 E3
22. Ti _0.55 %59 * 70. Yb t 2. 2
23. Vv * 450 = 71. Lu * O 2
24, Cr x 6o % 72. HE * 2 *
25. Mn _0,06 g9 x 73. T2 na : *
26. Fe _L.6B  Ecg * Th. W * 1.5 *
27. Co L 8 = 75. Re  pa E t
28. Ni x 210 % 76. Os x *
29. Cu t 115 2 77. Ir * i
30. Zn t 110 % 78. Pt t *
31. Ga na t * 79. Au £ £
32. Ge na x £ 80. Hg t :
33. As + L * 81. T1L x 0.4 £
3k, Se * 18 * 82, Po * 2 s
35. Br * 6 % 83. Bi * x
37. Rb x 14 £ 84. Po x *
33. sr x 60 % 85. At : *
39. ¥ x 2y z 86. Rn x x
4o, Zr ES 75 * 87. Fr £ *
41. No z Iy 3 88. Ra E k=
42, Mo * 4y = 89. Ac : *
43, Te * £ 90. Th * 1 t
4L, Ru x 0.05 % 91, Pa x £
45. Rh  pa E : 92. U * 3 *
k5. Pd + 0.2 2 93. Np * =
47. Ag z 0.1 % 9k. Pu : *
43. Ca T 0,7 * 95. Am * x
49. In 3 <0.05 % 9% . Cm x *
*Cp 3-6L x + + *
Fe'2/Fe+3 0.87 ?2%_ % * *
Method of Analysis: Analytical Lab.
*C0, from carbonate Lab., Sample No.
**¥Expressed as a percent of the concentration. Date:

na - not analyzed .
Signed:

D1 .acaw

-11-




ANALYTICAL REPORT
Slightly weathered sil®y

Material and tuffaceous limestone IRL Sample No. 1 M 1200

17-CH-5 195.2-196.8"

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na £ + 50. Sn * *
2. He _na E: i 51. Sb : < _0.05 %
3. Li t 11 0% 52, Te t x
b, Be na * x 53, 1 * 0.2 1%
5. B + 5 & 55, Cs t 0,05 %
6. C na £ * 56 . Ba x 2050 x
7. N na * * 57. La * 2 *
8.0 na * x 58. Ce * 3 x
9. F na * : 59. Pr * 8 =
11. Na 0.90 % 59 x 60. Na X 3 £
12, Mg _0.58 % 2% * 61. Pm E *
13. A1 3,47 % o E3 62. Sm E3 5 %
14, 81 27.42 + 2% * 63. Eu + 0.5 +
15. P 0.006 % 20% 3 64. G * 1 *
16. 8 0.101 *5% * 65. To x 0.4 %
17. C1 na * * 66. Dy t 0.9 1%
19. K 0.64 5% £ 67. Ho * 0.2 12
20. Ca 10.66 T d% x 68. Er x x
2]1. Sc na * + 69. T na T T
oo, Ti  0.16 5% £ 70. Yb * 0.8 %
23. V 3 40 = 71. In x x
2k. Cr x 10 *504 72, HE E3 3
25. M _ 0,04 o0 z 73. T2 _pa *
26. Fe l. 25 + 5%7 + 7)4_. W + 5 T
27. Co + 13 * 5. Re na,. x +
28. Ni x N 76. Os * *
29. Cu £ 6 1 7. Ir 3 T
30. Zn £ 1= 78. Pt * £
31. Ga na + + 79. Au T T
32, Ge na * * 80. Hg * *
33. As £ 0.05 % 81. T1 * t
3k, Se £ 0.3 * 82. Pb x 0.8 *
35. Br * 0.5 = 83. Bi * *
37. Rb E 1 * 84. Po + £
38. 8r + 205 * 85. At x *
39. Y x 4 2 86. Rn £ *
40. Zr x 11 * 87. Fr E £
41, Nb x 0.2 % 88. Ra > >
42, Mo * x 89. Ac x *
43, Te * x 00. Th * < _0.05 %
44. Ru E < 0.05 % 91. Pa x E
45. Rh _na * + 92. U £ *
46, Pa E3 < 0.05 % 93. Np £ E
47. Ag E3 < 0.05 % 9. Pu 3 *
48, Cca 3 X 95. Am £ 3
49. In E T %. Cm £ E
%CO 9.89 % 5% x * :
Fet2/pet> 0.%5 % 54, 3 3 z
Method of Analysis: Anglytical Lab.
*CO, from carbonate Lab. Sample No.
*% Expressed as a percent of the concentration Date:
na - not analyzed Signed:

RL-3635

-12-




ANALYTICAL REPORT

Material Altered tuff - IRL Sample No. 115
17-CH-5 262-263"
7z Weight % Weight PPM Z Weight % Weight PPM
1. H na + ¥ * 50. Sn x- < 0.05 =
2. He na + x 51. Sb * 0.05 £
3. Li : 10 *10%5 52, Te * x
k. Be na * x 53, I X 0.9 x
5.B + 15  %50% 55.Cs t 0.2 %
6.C na : x 56. Ba * 3200 t
7. N na * t 57. La * 8 t
8. 0 na % E 58, Ce k3 5 +
9. F na * * 59, Pr * 2 t
11. Na 0.74 % 5% z 60. Nd S 3 T
12. Mg 0.42 ¥ oq x 61. Pm 3 x
13. AL 2.72 t 29 : 62. Sm * 4 t
14, 81 29,69 * 2% * 63. Eu * 1 +
15. P 0.025 % 59 3 6h. Gd * 1 B3
6. 8 0.074 % 5% x 65. Tb x 0.5 x
17. C1 na * t 66. Dy * 1 t
19. K 0.67 t 5% £ 67. Ho * 0.3 %
20. Ca 9,93 t o9 t 68. Er * 0.7 %
21. Sc na * £ 69. Tm  png t *
22, Ti 0.11 t 5% : 70. Yb t 0.8 %
23.V + 8o 2 71. Iu * *
2. Cr N 15 fs5of 72, HE * <0.05 %
25. Mn 0.02 _ Epof * 73. Ta  pg x *
6. Fe 0,95 % 59 x Th. W x 1.5 %
27. Co * T t 75. Re  ng * t
28. Ni t y % 76. Os * x
29. Cu x 24 % 77. Ir * *
30. Zn * 41 2 76. Pt * x
31. Ga na * k3 79. Au 3 3
32. Ge na x t 80. Hg + *
33. As * 0.05% 81. T1 : *
3. Se t 0.3 % 82. Pb * 0.6 %
35. Br £ 0.3 * 83. Bi * *
37. Rb * 2 84. Po * +
38. Sr x 330 % 85. At * i
39. Y £ 0.8 * 86. Rn % +
ko, Zr * 14 % 87. Fr * +
41, Nb x 0.2 % 88. Ra £ *
4. Mo * 0.05% 89. Ac * x
43, Te x x 90. Th * =
L. Ru + 2  z 91. Pa x *
45, Rh na x * 92. U x *
L6. Pd t 0.05% 93. Np * x
47. Ag * 0,05 * 9k. Pu £ *
48. cd x * 95. Am * x
k9. In t <__0.05% 9. Cn * *
*CO 9, 45 + 5% + * +
reto/Fe" 046 T 59 3 T z
Method of Analysis: Analytical Lab.
*062 from carbonate Lab. Sample No.
**Expressed as a percent of the concentration Date:

na - not analyzed .
Signed:

RL.-363%
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ANALYTICAL REPORT

Material Fresh Calcareous Tuff IRL Sample No. 1M 1006

17-CH-5 284.0-284.7*

7 Weight % Weight PPM Z Weight % Weight PPM
1. H na T xx * 50. Sn * *
2. He _na t t 51. Sb * *
3. Li E: 11 £10% 52, Te * k>
4. Be _na * * 53. I . Ea 0.3 %
5. B x 10 £50%  55. Cs * 0.2 %
6. C na * * 56 . Ba * 280 £
7. N na * * 57. La * 8 t
8.0 na 3 + 58. Ce + 9 x
9. F na x * 59, Pr x 2.5 x
11. Na _31.2 t 5% * 60, Nd + 10 *
12. Mg _0.66 _ % 2% * 61. Pm * t
13. A1 _Lh.op3 % 29 x 62. Sm * 5 t
1, 81 29,14 g * 2% * 63. Eu * 2 *
15. P 0.017 % 59 + 6., Gd + 3 *
6. 8 0.033 * 5% t 65. To £ 0.9 %
17. C1 _na * * 66. Dy * 2.5 *
19. K _0.99 % 5% * 67. Ho t 0.5 %
20.Ca _6.99 * 29 * 68. Er t 2 t
21. Sc na x * 69. Tm ng * *
22. Ti _0.25 % 59 * 70. Yb £ 2 *
23. V T L0 £ 71, Iu * 0.3 %
2k, Cr £ 10 ¥50% 72, H * 1.5 %
25. Mn _0.02  *20% x 73. Ta  pa ks *
6. Fe _1.u6 % 5% t Th. W * 3 t
27. Co x 12 1 75. Re  pa x T
28, Ni t 9 * 76. Os kS 3
29. Cu S 8 3 77. Ir T :
30. Zn * 17 * 76. Pt * £
31. Ga na * + 79. Au + *
32. Ge _na £ 3 80. He + *
33. As * 0.2 % 8L, T1 t t
34, Se * 0.3 * 82. Pb t 2 *
35. Br * 0.5 * 83. Bi * t
37. Rb * 3 x 84, Po * +
38. Sr * 230 3 85, At X X
39. Y * 30 * 86. Rn * *
40, Zr £ 25 * 87. Fr * *
41. Nb x 0.5 % 88. Ra * x
42, Mo £ * 89. Ac + £
43, Te * * 90. Th * 0.5 *
L. Ru E] 10 E 91. Pa 3 =
45. Rh  na x x 92. U * x
L6. Pd x * 93. Np x x
47, Ag £ z 94. Pu x e
48. cd * * 95. Am * £
49, In z 3 %. Cm z 3
*C0p 5.55_ I 5% £ £ £
Fetfpet30.38 T 5% 2 B3 z
Method of Analysis: Analytical Lab.
¥CO, from carbonate Lab. Sample No.
*¥ Expressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-3635
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ANALYTICAL REPORT

Material Bedded tuff IRL Sample No. 113

17-CH-5 400"

7 Weight % Weight PPM Z Weight % Weight PPM
1.H pa x *¥ t 50. Sn t 0.05 %
2. He pa t t 51. Sb * <0.05 *%
3. Li E: 9 *10%4 s52.Te * x
4. Be na * x 53. 1 x Q.5 *
5. B * 5 % 55. Cs * 0.3 1
6.C na * z 56 . Ba z 3400 *
7. N pg : = 57. La : 18 =
8.0 ga t + 58. Ce i 11 x
9. F na t t 59. Pr x 3 t
11.Na goa X 59 * 60. Nd : 12 :
2. Mg 0.70 % 2% * 61. Pm £ :
13. A1 3,85 % o9 x 62. Sm * 5 x
4. 81 23.10 * 2% t 63. Eu E> 1 £
15. P 0.040 T 59 x 6h. Gd * 3 *
6.8 0.022 % 59 * 65. To x 0.8 *
17. Cl na x : 66. Dy * 3 *
19.K 075 % 5% E3 67. Ho x 0.5 %
20. Ca 13.34 % 29 * 68. Er £ 1.5 %
21l. Sc na * * 69. T pa * :
22, Ti 0.26 * 59 E3 70. Yb £ ) ¥
23. V * 85 & 71. Iu E: 0.3 *
24, Cr * 10 506 2. HE * 2 *
25, Mn 0.04 + 200 * 73. Ta  pg * *
26. Fe 1.85 t 59 t Th. W * 6 t
27. Co * 28 75. B¢ na : *
28. Ni * 6 * 76. Os * *
29, Cu ] 40 x 77. Ir % x
30. Zn x o % 76. Pt * *
31. Ga na + + 79. Au T T
32. Ge na 3 % 80. Heg + x
33. As * 0.3 * 81. T1 * t
34, Se t 0.5 2 82. Pb : 2 *
35. Br * 0.5 =% 83. Bi * t
37. Rb * 4 * 8Lh. Po * *
38, sr £ 415 E3 85. At 2 I
39. Y x 30 + 86. Rn t x
40. Zr E3 45 3 87. Fr k2 *
41. Nb * 0.8 % 88. Ra t *
42, Mo £ t 89. Ac * t
43, Te £ £ 90. Th k2 0.5 %
L. Ru x Lz 91. Pa * x
45. Rh na 3 t 92. U t 0.5 %
46 . Pd z < 0.05 % 93. Np E *
L7, Ag * 0.1 * 9k. Pu £ t
48, ca + I 95. Am T T
49, In x 0.05 = . Cm + *
%00 12.2 £ 59 X Free H,0 L.02 159 x
Fe+2/Fe2+3 0.35__ % 59 > Bound Hgo 3.62 5% :
Method of Analysis: Analytical Lab.
*C0,. from carbonate Lab. Sample No.
** ﬁxpressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-38635
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ANALYTICAL REPORT

Material Porphyritic basalt IRL Sample No. 125

17-CH-6A 650"

Z Weight % Weight PPM 7 Weight % Weight PPM
1. H na x ** + 50. Sn * 0,05 =
2. H na % z 51. Sb * < .05 %
3. Li x 5 t20% 52.Te * z
L. Be * 0.5 * 53. 1 : *
5.B x <_5 x 55. Cs t 0.8 %
6. C na x * 56 . Ba * 450 % 50%
7. N na t x 57. La x 8 * 509
8.0 na £ x 58. Ce E2 20 *
9. F na * i 59. Pr x 5 S
11. Na 2.5 59 £ 60. Nd x 15 t
12. Mg 0.95 % 29 T 61, Pm * N
13, AL T7.04 * 29 x 62. Sm E 6 E
14, Si 29.56 29 t 63. Eu Y 0.9 %
15. P 0.082° 5% * 6L, Gd £ 4 kS
16. 8 0.002 % 5% t 65. To e 0.7 %
17. Cl  _pg * t 66. Dy £ 4 *
19. ¥ _0.47 * 5% * 67. Ho * 0.7 %
20. Ca _2.57 % 2% x 68. Er x 2.5 %
21. Sc x 15 504 69.T™m  _npa * *
22, 1  0.68 * 59 4950 * 70. Yb kS o E
23. V x 20 504 71, Lu * < _0.05 %
2k. Cr S <1 z 72. HE x 3 *
25. Mn 0.06 * 20% ) * 73. Ta na t +
26. Fe _3.52 * 5%’ * Th, W + *
27. Co * 8 * 75. Re na * *
28, Ni 3 < 1 2 76. Os x E
29. Cu x 50 £50% 77. Ir t *
30. Zn S 40 £50% 76. Pt E: 3
31. Ga * <10 £50%  79. Au £ £
32. Ge _ma 3 3 80. Hg * x
33. As * 0.05 % g1. T1 * x
3k, Se E: 0.4 + 82. Fo e 0.7 =%
35. Br £ 0.8 x 83. Bi x *
37. Rb * 1.4 t 8. Po * x
38. Sr t 250 t50% 85. At e t
39. ¥ * 20 tsof, 86. Rn £ k3
ko. Zr x 200 foo4  87. Fr E 2
L1, M z 2 I 88. Ra z z
k2. Mo z <_0.05 x 89. Ac * t
53, Te k2 x 90. Th * 0.5 %
LY. Ru x <.0.05 t 91, Pa x x
45. Rh  _pa x x 92. U E x
46, Pd E 0.2 E 93. Np * *
L7. Ag t 0.1 t 9k, Pu X :
48. Cd x x 95, Am x x
L9, In t < 0.05 t 96. Cm * *
¥,005, 3 0.07 %109 t * *
Fe “/Fé 0.26 t 5% : t t
Method of Analysis: Analytical Lab,
¥ CO, from carbonate Lab. Sample No.
** Expressed as a percent of the concentration Date:

na - not analyzed Signed:

RL.-3635
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ANALYTICAL REPORT

Slightly weathered
Material gand altered diabase IRL Sample No.

1M 1089

17-CH-7 104.3-106.8"

z Weight % Weight PPM Z Weight % Weight PPM
1. H npa £ ¥ £ 50. Sn * 0.1 %
2. He na + 3 Sl. Sb * *
3. Li * 4 * 204 52. Te t 1 2
L. Be * < 0.5 % 53. 1 t x
5.B x < 5 : 55. Cs t 0,3 =
6.C npa : E: 56 . Ba * 70. % 50%
7.N na * t 57. La £ 0.9 %
8. 0 na + + 58. Ce * z +
9. F npa x * 59. Pr * 0.3 %
11. Na 1.8 t 59 * 60. Nd * 3 =
12. Mg _4.95 29 x 61. Pm % *
13. AL 8.00 r o9 * 62. Sm * 3 =
1. Si 22,17 r o9 * 63. Eu * 0.4 %
15. P 0.0004 *50% t 64, Gd * 3 %
6.8 o027 I 54 £ 65. To * 0.5 %
17. C1 na o t 66. Dy * 1z
19. K 0.056_ % 59 * 67. Ho x 0.3 %
20. Ca 9.28 o9 x 68. Er * 0.% *
21. Sc £ 25 * 509 69.Tm na * t
22, Ti 0.90 f 5q x 70. Yo t 1.7 %
23. V * 200 £ 50% 71. Lu £ +
24, Cr £ 200 * 50% 7eo. Hf x b3
o5. Mn 0.09 _ 1103 3 73. Ta  pa £ z
26. Fe .12 * 5% t Th. W * t
27. Co * * 75. Re pa x *
28. Ni 3 70 t 500 76. Os E3 3
29. Cu 3 120 t 50% 77. Ir * x
30. Zn S 40 * 50% 76. Pt t e
31l. Ga x 20 ¥ 509 79. Au t *
32, Ge na k2 E: 80. Hg + x
33. As 3 1 E: 81. Tl * £
3. Se ES 2 i 82. Pb x 0.6 %
35. Br £ 1 3 83. Bi 3 3
37. Rob £ 1 £ 8l. Po * >
38. Sr z 75 I 50% 85. At £ z
39. Y 3 10 * 502 86.Rn 2 t
4O. Zr > 5 t 50% 87. Fr t £
L1. Nb x il 3 88. Ra t *
42. Mo £ 0.7 % 89. Ac * *
43. Te x = 90. Th £ *
L. Ru x b 91. Pa * t
45, Rn na x * 92, U * t
6. Pd + £ 93. Np * t
47. Ag kS t 9k. Pu * *
48. Cd £ £ 95. Am 3 k3
49. In z 3 z %. Cm x S
*(100 0.09 109 S * *
rete/Fe™> 1.80 I 54 z * =
Method of Analysis: Analytical Lab.
*C02 from carbonate Lab. Sampl; fO:
¥* Expressed as a percent of the concentration aves
na - not analyzed Signed:

RL-3635
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ANALYTICAL REPORT

Slightly weathered
Material altered diabase IRL Sample No. 1M 1093

17-CH-T7 6l7.6 - b4a3.0'

4 Weight % Weight PPM Z Weight % Weight PPM
1. H na T *% * 50. Sn b 0.2
2. He na + * 51. Sb + +
3. Li R &) + 20% 52, Te + +
L. Be _na t t 53, I i t
5. B x 20 £50% 55. Cs * *
6. C na * * 56 . Ba £ 1600 %
7. N na x * 57. La E2 3 S
8.0 na x ] 58. Ce * 5 k3
9. F na r * 59, Pr * 0.8 %
11. Na _ 1.6 f og E] 60. Na + 3 x
12. Mg 4,80 % 2% * 61. Pm ES z
13. AL _T7.74 % 2% * 62. Sm * 5 z
14,81 21.59 % 29 * 63. Eu * 0.8 %
15. P 0.006 *20% * 6L. Gd x 3 *
16. 8 0.0% * 5% t 65. To : 1 *
17.C1 _na z : 66. Dy E: & %
19. K 0.20 * 5% * 67. Ho * 1 E
20. Ca 10.03 2% % 68. Er * 5 *
21. Sc na x E3 69. Tm e I T
22, Ti 0.86 T 59 T 70. Yo T 5 T
23. V. + 250 % 71. Iu * 3
24, Cr 3 200  *50% 7. Hf 3 2 *
25, Mn _0.08 £10% x 73. Ta na x £
26, Fe 6.86 I 5% £ Th. W £ 7 x
27. Co * 25 + 75. Re na * *
28. Ni x 75 * 76. Os £ *
29, Cu * 150 + 77. Ir + +
30. Zn x 250 + 75. Pt + %
31. Ga _na * x 79. Au : *
32, Ge _na * * 80. Hg t :
33. As * 0.2 *% 81. T k3 3
3. Se + 1 + 82. v : 1 t
35. Br * 2 x 83. Bi * *
37. Rb * 1 x 8h. Po * t
38. Sr 3 100 3 85. At 3 z
39. Y x 52 x 86. Rn x e
Lo. Zr £ 25 * 87. Fr : x
41. Nb 3 0.6 E 88. Ra z E:
42, Mo 3 x 89. Ac E t
43, Te * t 90. Th * *
4. Ru + 6 * 91. Pa + *
45. Rh  na = * 92, U * £
L6. Pd E: S 93. Np x x
L7. Ag * 0.2 * 9. Pu I T
48, cd * + 95. Am + +
. + . * m + +
*%%2 tn 0.11 t 5% el + %. ¢ + +
FetdFetd T1.38 T 5% E: 3 E:
Method of Analysis: Analytical Lab.
*COp from carbonate Lab. Sample No.
na - not analyzed Date:

*% Expressed as a percent of the concentration
Signed:

RL-3635
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ANALYTICAL REPORT

Material Calcareous tuff IRL Sample No. 114
17-CH-T - 6r2!
7z Weight % Weight PPM Z Weight % Weight PPM
1. H pa x ** t 50. Sn t 0.1
2. He na * * 51. Sb i 0.1 %
3. i x 3 350% 52, Te £ 3
Ll—. Be na + + 53 I E> 0.3 *
5. B e < 5 % 55. Cs * *
6.C na £ £ 56 . Ba x a4 %
7. N na t t 57. La t 7 :
8.0 na 3 * 58. Ce * 2 5 3
9. F na £ * 59. Pr t 1 *
11. Na 0,44 * 59 * 60, Nd * 4 *
12. Mg 0,70 t 2% * 61. Pm b *
13. Al 1,72 o : 62. Sm * o *
14, 81 21,46 t o * 63. Eu * 0.3 *
15. P 0,041 % 959 t 6h. Gd b 1
16. 8 1,45 * 59 t 65. To * 0.2 %
17.Cl g % i 66. Dy t 1.5 %
19. K o046 * 59 * 67. Ho t 0.3 1
20. Ca 17,50 29 * 68. Er t 1 *
21. Sc k2 & 69. Tm na t *
22. Ti _0.p8 * 59 t 70. Yo t 1 *
23. Vv ' * 115 x 71. Iu t < 0,05 %
2k, Cr ' t 75 o4 T2, HE £ < 0,05 %
25.Mn 0,03 %204 t 73. Ta e X T
26. Fe 2.25 f o5 t Th. W k3 *
27. Co * 10 t 75. Re na : *
26, Ni : 3 E 76. 0s z T
29. Cu x 48 * 77. Ir * *
30. Zn * 70 76. Pt x x
31. Ga na = + 79. -Au + +
32. Ge npa : * 80. Heg * :
33. As * o % 81. T1 & 0.1 =
3kh. Se z 0.6 82. Pb z 1
35. Br x 0.3 = 83. Bi S z
37. Rb * 0,05 * 84. Po * *
38. Sr + 75 + 85. At * *
3. Y 3 20 % 8. Rn * :
MO. Zr + 18 + 87. Fr T T
L. b x 0.5 88. Re : T
h2. Mo : 18 % 89. Ac I T
43, Te £ z 90. Th : =
44, Ru * 10 * 91. Pa b £
45. Rh na x t 92. U * 0.5 £
4. Pa x £ 93. Np x kS
L7, Ag x 2 t 9L, Pu £ T
48. ca S + 95. Am E +
49. In 3 < _0.05 % 9% . Cm x T
*C0 18.0 * 59 + + *
Fe+g/§e+5 T2.06_ E 59 x S z
Method of Analysis: Analytical Lab.
*C0,, from carbonate Lab. Sample No.
** %xpressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-3635
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ANALYTICAL REPORT
Tuffaceous fossiliferous

Material limestone IRL, Sample No. 1M 1177

17-CH-8 260.8-202.7'

4 Weight % Weight PPM Z Weight % Weight PPM
1. H na T ** * 50. Sn * 0.05
2. H na E £ 51. Sb * 0.05
3. Li x 11 +10% 52, Te * *
L. Be na * * 53, I * 0.8 x
5.B z 5 I 55. Cs : 0.5 =
6. C na * B3 56 . Ba £ 640 *
7. N na * * 57. La * 14 *
8.0 na * S 58. Ce t 11 i
9. F na + * 59. Pr + 3 &
11. Na 0.52 * 5% E 60. Nd x 9 x
12. Mg 1.26 * 2% * 61. Pm T ‘ I
13. Al 3,07 * 29 x 62. Sm £ N £
1k, 81 _10.73 % 2% i 63. Eu + 0.8 %
15. P 0.077 * 5% t 6. Gd 3 2.5 &
16. 8 1.10 % 59 * 65. To * 0.5 %
17.Cl _na t £ 66. Dy £ 3 S
19. K 0.76 % 5% £ 67. Ho 3 o.h %
20. Ca oh Lk * 29 * 68. Er E3 1 Ex
21. 8¢ _na * : 69. Tm na + t
22. T __0.70 % 5% * 70. Yb * 1 *
23. V + 115 % 71. In * <0.05 %
24, Cr * 45  £50% 2. HE * 2 3
25. Mn 0.02 20% * 73. Ta na : E3
26 . Fe 3.50 * 5% ES Th. W X E
27. Co * 115 * 75. Re na x *
28. Ni * 30 ¥ 76. 0s T I
29, Cu + 35 + 7. Ir + +
30. Zn t 1.5 % 76. Pt * *
31. Ga _na * x 79. Au * £
32. Ge na E * 80. Hg t *
33. As + 0.3 % 81. T1 £ <0.05 £
3. Se £ 0.3 * 82. Pb E3 2 ES
35. Br * 0.9 * 83, Bi * £
37. Rb * 9 = 8L. Po x *
38. 8r x 900 % 85. At 3 2
39. ¥ t 2k % 86. Rn £ 3
L0. Zr * o % 87. Fr * *
41, Nb x 5 x 88. Ra * *
L2, Mo x n T 89. Ac T "
43, Te + * 90. Th + <0.05 ¢
ki, Ru * i + 9l1. Pa, T T
45. Rh na z e 92. U * 2 +
W6, PA * <0.05 = 93. Np S x
L7, Ag * 0.3 % oL. Pu £ I
48. cd b <0.05 * 95. Am x £
49, In * <0.05 * 96. Cnm x *
*Cop 25.2% * 5% + + +
FetdFetd” 0.57 I 5% T - .
Method of Analysis: Analytical Lab.
*¥COo from carbonate Lab. Sample No.
*¥ Expressed as a percent of the concentration Date:

na - not analyzed
yae Signed:

RL-363%
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ANALYTICAL REPORT

Material Calcareous Shale LRL Sample No. 117
17-CE-9 352'
Z Weight % Weight PPM Z Weight % Weight PPM
1. H na E*x £ 50. Sn S *
2, He _na s t 51. Sb x £
3. Li x o7 ok 52, Te t :
L., Be na x E: 53, I ¥ 0.1 *
5. B 3 200 +50% 55, Cs * 0.8 *
6. C na * + 56, Ba + 290 +
7. N na 3 ¥ 57. La * 2 t
8.0 na x * 58. Ce + 5 *
9. F na * b 59. Pr £ 0.7 %
11. Na 1.k t 5% x 60. Nd x 2 x
12. Mg 1.55 % 2% x 61. Pm E: x
13. Al 9.4+ 2% k3 62. Sm x 2 E:
14, 81 _2h.37T % 2% * 63. Eu * 0.3 *
15. P 0.06L T 5% b 6L. Gd E: 0.6 %
6.8 2.19 % 5% £ 65. To t 0.2 %
17. C1 _na * t 66. Dy t 0.3 *
19. K 1.5 % 5% E: 67. Ho * *
20. Ca _ 3.1F % 2% kS 68. Er x 0.k 2
21. Sc na x x 69, Tm na * x
22, Ti 0.6 * 5% 3 70. Yb x *
23. V kS 110 + 71. Iu * +
24. Cr £ 70 ¥50%  72. HF x *
25, Mn 0.07 *20% 3 73. Ta na * x
26. Fe 5.40 * 5% t Th, W * t
27. Co * 6 e 75. Re pa 2 *
28. Ni L3 35 : 76. Os * *
29, Cu x 50 x 77. Ir * b
30. Zn * 75 * 76. Pt * *
31. Ga _na * x 79. Au E £
32.Ge _na 3 * 80. Heg * x
33. As * 1 * 81. T1 * *
3. Se x 0.3 % 82. Pb x 0.8 %
35. Br £ 2 ES 83. Bi * *
37. Rb * L kS 8L4. Po X *
38. sr z 165 B 85. At 3 3
39. Y * i t 86. Rn x *
4o, Zr 3 10 x 87. Fr E x
41. Nb x 0.2 % 88. Ra * x
L2, Mo * 1 * 89. Ac t :
43. Te * x 90. Th : *
4L, Ru * 0.9 = 91. Pa t x
L5. Rh _na * * 9. U * t
46, P4 x x 93. Np x *
47, Ag 3 0.1 % k. Pu 3 *
L8, cd * < 0.05 % 95, Am E3 *
49. In x <0.05 % 9% . Cm E 2
*CO 2.63 5% t Free H,0 _13,05 59 x
Feroffe> 072" T 5% T Bound K20 _5.02 Z5% z
Method of Analysis: Analytical Lab.
* COp from carbonate Lab. Sample No.
¥¥ Expressed as a percent of the concentration Date:

na - not analyzed .
Signed:

RL-3635
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ANALYTICAL REPORT

Material Fresh Tuffaceous Limestone IRL Sample No. 1M 1043
17-CH-9 Leo-he2" o

Z Weight % Weight PPM 7 Weight % Weight PPM

1. H na T ¥ * 50. Sn x 0.05 =
2. He na * 2 51, Sb i 0.4 x

3. Li x 19 109 52. Te + B

L. Be _na £ * 53. I * 2 *

5. B x 50 504 55.Cs x 0.6 %
6. C na x * 56 . Ba x 2560 x
7. N na + * 57. La kX 19 x
8.0 na x * 58, Ce + 28 +
9. F na ES + 59, Pr + 3 +
11. Na 1.2 5% + 60. Nd x 12 x
12, Mg 0.60 * 2% E3 - 61. Pm * E:
13, Al .21 % 2% E 62. Sm * N x
14, 81 18.99 * 2% + 63. Eu + 0.6 %
15. P 0.065 ¥ 5% t 6L, Gd * 2.5 %
6.8 __1.47 * 5% 3 65. T 3 0.6 %
17. C1 _na t i 66. Dy t L *
19. K 0.6k * 5% * 67. Ho * 0.3 *
20. Ca _15.17 * 2% * 68. Er : 1.5 ¢
21. Sc na * + 69. Tm na T - T
22, Ti 0.41 %= 5% ES 70. Yb I 5 ¥
23. V + 230 + 71. Iu + <0.05 *
2k, Cr * 30 t50% 72. Hf * 2 *
25. Mn 0.02 *20% + 73. Ta ns, £ x
2. Fe 2.13 * 5% * Th. W * 1.5 %
27. Co * 125 * 75. Re na * *
28. Ni z 105 x 76. Os x t
29. Cu * 90 * 77. Ir % *
30. Zn t 140 * 78. Pt t *
31. Ga na + T 79. Au I T
32. Ge _na E: z 80. He t :
33. As £ 4 * 8L, T S *
34. Se * 0.5 = 82. Pb 3 2 X
35. Br + 2 + 83, Bi * x
37. Rb * 13 * 8Lh. Po * *
38. Sr + 1900 x 85. At x x
39. Y E3 L2 £ 86. Rn + t
ho. Zr x 115 x 87. Fr * T
41. Nb x 9 * 88. Ra * x
4o, Mo + 9 + 89. Ac + *
43, Te * £ 90. Th * 0.5 *
LL. Ru + < 0.05 £ 91. Pa + 3
45. Rh na x * 92. U x 3 *
L6, Pa + 0.05 % 93. Np x +
LT, Ag z 0.3 = ok. Pu E E:
L8. cd £ < 0.05 % 95. Am * *
49. In E <. 0.05 % 96. Cn x *
*cog 14,3 5% E3 k3 3
Fetd/Fe+3 0.65 = 5% b3 3 3
Method of Analysis: Analytical Lab.

*COp from carbonate Lab. Sample No.

*% Expressed as a percent of the concentration Date:

na - not analyzed .

Signed:

RL-3635

-92-




ANALYTICAL REPORT

Material Slightly weathered siliceous shale IRL Sample No. 121

17-CH-9  6L8-658°

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na ¥ % 50. Sn * < 0.05
2. H na * t 51. Sb * < 0.05 %
3. Li t 17 +10% 52, Te : < 0.05 %
4, Be na x x 53, I : 0.5 x
5. B + 50 £50% 55. Cs : 0.3 %
6. C na * ] 56 . Ba k3 935 +
7. N na + t 57. La * 8 T
8.0 na % > 58. Ce x 9 *
9. F na x * 59. Pr * 2 *
11. Na 1.4 59 S 60. Nd £ 7 E
12. Mg 0.97 % 2% x 61. Pm t *
13, Al Lok E oF * 62. Sm 3 L E>
14, 81 20.%2 E 2% * 63. Eu t 0.5 %
15. P 0,064k * 5% x 6L, Gd 3 P E
6. 8 0.90 % 59 t 65. o t 0.4 %
17.CL _na r * 66. Dy t 2.5 %
19. K 0.87 ¥ 59 E3 67. Ho t 0.5 %
20. Ca _13.80 % 2% * 68. Er * 1 *
21. Sc na + x 69, Tm na x *
22, Ti 0.56 % 5% * 70. Yb x 2 *
23. V £ 220 E 71. Iu ] 0.2 %
2k, Cr & 30 £50% 72, HE * il *
25, Mn 0.07. X20% t 73. Ta na + t
26. Fe 2.73 % 5% % Th. W + *
27. Co * b5 % 75. Re na__ I =
28. Ni : 20 x 76. Os x 2
29. Cu * 50 * 77. Ir x k3
30. Zn * 45 £ 76. Pt : *
31. Ga _na * x 79. Au £ £
32. Ge _na 3 * 80. Hg * x
33. As * 1 £ 81. T1 * *
3L. Se ES 0.k % 82. Po E3 0.8 %
35. Br x 0.9 % 83. Bi T k3
37. Rb E3 6 S 8k, Po k3 *
38. Sr E3 590 £ 85. At * x
39. ¥ b 4 * 8. Rn * x
4o, Zr S 55 * 87. Fr * x
1. Nb = 3 * 88. Ra * *
L2, Mo 2 0.6 £ 89. Ac 3 x
43, Te x £ 90. Th S 0.1 *%
4h, Ru T 6 t g1. Pa x E
45, Rh _na * * 9. U x 0.5 %
46. Pd * 0.1 £ 93. Np * 3
47. Ag x 0.3 % k. Pu * x
48, cd ES < 0.05 % 95. Am t t
49. In * <0.05 X % . Cm T T
*COo 13,4 t 5% + + +
FetdFet> _0.h2 T 59 £ 3 :
Method of Analysis: Analytical Tab.
*COp from carbonate Lab. Sample No.
*¥% Expressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-3635

-23-~




ANALYTICAL REPORT

Material Shaley limestone IRL Sample No. 122
17-CH-9 873"
z Weight % Weight PPM Z Weight % Weight PPM
1. H na £ X¥ x 50. Sn £ < _0.05 *
2. He na S 3 51. Sb * < _0.05 %
3. Li x 28 f 5% 50, Te E b
L. Be na x + 53. I k3 0.4 %
5. B x 70 £ 50% 55. Cs * 0.5 %
6. C na e X 56. Ba x 640 *
7. N na * * 57. La * 13 t
8.0 na 2 * 58, Ce x 19 t
9. F _na * t 59. Pr t 2.5 %
11. Na 2.0 * 5% + 60. Nd E3 9 ]
2. Mg 1.91 = 2% 3 61. Pm * k]
13, Al 6.40 * 29 t 62. Sm £ 3 3
14, 81 25.01L % 29 £ 63. Eu * 0.5 %
15. P 0.088 * 5% * 64. Gd * 2 t
6. 8 1.3k * 5% k3 65. To b3 0.3 *
17. C1 _ng * t 66. Dy * 2 t
19. K 1.1 * 5% * 67. Ho + 0.4 *
20. Ca 7.56 2% * 68. Er 3 1 E:
21. Sc na x * 69. Tm na * £
22, Ti 0.64 * 5% £ 70. Yb S 0.8 %
23. V Ex 155 E 71. Lu 3 < 0.05 *
24. Cr * 40 £ 50% 7. HE x < 0.05 *
25. Mn 0.05 *20% * 73. Ta  na i t
26. Fe 4.35 = 5% t Th. W S <0.05 *
27. Co * 35 : 75. Re na t :
28. Ni b 20 % 76. Os x *
29. Cu i 50 E 77. Ir x t
30. Zn * 45 * 76. Pt * :
31. Ga na + * 79. Au x x
32.Ge _na x * 80. He x *
33. As E3 1 t 81. T1 * <0.05 %
34, Se S 0.4 £ 82. Pb ES 2 x
35. Br * 1 : 83. Bi t x
37. Rb S 3 ¢ 84, Po * *
38. sr S 770 % 85. At * *
39. Y t 16 x 86. Rn < *
ho. Zr x 55 * 87. Fr = *
41, Wb x 2 s 88. Ra x *
42. Mo x 0.9 * 89. Ac * *
43. Te E: £ 90. Th * 0.5 I
44, Ru x 1.5 % 91. Pa * *
45. Rh  na * £ 92. U * 0.5 12
46. Pd E: < _0.05 % 93. Np * *
47. Ag £ 0.1 * ok, Pu * *
48. cd 3 < 0.05 % 95. Am * *
49. In £ < 0.05 % 9. Cm * *
*C0 4.97 % 5% + + *
Fer" /P60 TT0.65 T o7 : T £
Method of Analysis: Analytical Lab.
*¥CO,_, from carbonate Lab. Sample No.
*% Expressed as a percent of the concentration Date:

na - not analyzed .
Signed:

RL-3635

-924-



ANALYTICAL REPORT

Material Fresh Tuffaceous Limestone IRL Sample No. 1M 1213

17-CH-10 363.7 - 36L.2!
and 365.3 - 366.5'

4 Weight % Weight PPM Z Weight % Weight PPM
1. H na rox¥ * 50. Sn * 0.7 %
2. He na E - k3 51. Sb * 0.1 %
3. Li E3 o 109 52, Te * 3
4. Be na x % 53. 1 £ 1 x
5. B x < 5 * 55, Cs x 1 *
6. C na x B3 56. Ba £ 680 x
7. N na + + 57. La + 55 +
8.0 na * E3 58, Ce 3 9 £
9. F na + * 59, Pr + 9 +
11. Na 0.26 * 5% * 60. Na 4 35 *
12. Mg 0.32 T 2% * 61. Pm £ z
13. Al 0.80 1 2% x 2. Sm * 12 X
14, Si 20.11 * 2% + 63. Eu ¥ 5 I
15. P 0.036 % 5% = 6h. Gd * 8 *
6. S 0,20 * 59 t 65. To * 1 *
17. CL _na : x 66. Dy z 3 T
19. K 0.32 % o T 67 Ho T - T
20. Ca _21,26 % 2% * 68. Er * 3 :
21. 8¢ _na t t 69. Tm na t i
22, Ti 0.10 % 5% E 70. Yo I n T
23. V x 110 * 71. Lu * 0.2 %
2. Cr * < 10 t 72, Hf * 0.7 %
25. Mn 0.02 ®20% * 73. Ta na E 3
26. Fe _ 0.53 % 5% * Th. W e 0.3 %
27. Co z 80 * 75. Re na * :
28, Ni x 25 x 76 . Os x x
29. Cu t 110 * 77. Ir * *
30. Zn E 15 76. Pt I 3
31. Ga ‘na + + 79. Au + *
32. Ge _na * * 80. Hg * :
33. As * 1.5 % 81. T1 * *
3k. Se 3 25 % 82. Fo z 5 %
35. Br £ 4 ES 83. Bi £ *
37. RO = 15 2 8ly. Po £ E:
38. Sr x b55s % 85. At T T
39. Y E: 65 E: 86. Rn t *
Lo, Zr x 55 * 87. Fr E E
L1, Nb I 1.5 I 88. Ra z z
L2, Mo + 7 * 89. Ac + +
43. Te * S 90. Th i p) i
4. Ru * t 91. Pa t £
45. Rh na > T 92. U T T
46. Pd E: Tz 93. Mp E E:
47, Ag x 0.3 £ 9k, Pu z T
48. ca T 5 T 95. Am T T
49, In x 0.1 = 96. Cm + +
*Cog 21.5 t 5% + + +
Fete/Ret3 T0.76 T 5% 3 k3 E
Method of Analysis: Analytical Lab.
*C0p from carbonate Lab. Sample No.
** Expressed as a percent of the concentration Date:

na - not analyzed .
Signed:

RL-3635
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ANALYTICAL REPORT

Fresh tuffaceous

Material limestone IRL Sample No. 116
17-CH-10 4951
A Weight % Weight PPM Z Weight % Weight PPM
1. E na t * 50. Sn x < _0.05 %
2. He pg * * 51. Sb S < _0.05 1%
3. Li e 10 *10% 52. Te x < _0.05 1%
L. Be pg £ 1 53, 1 1 0.1 %
5. B * 5. %504 55.Cs * 0.5 2
6. C na x t 56 . Ba * 1850 +
7. N npa * kS 57. La + 18 t
8. 0 pa + * 58. Ce 3 12 t
9. F pa * * 59. Pr * 3 *
11. Na 1,7 T 5q + 60. Nd t 10 +
12. Mg _1.02 * o * 61. Pm 3 E
13. A1 4,13 0% * 62. Sm t 4 t
1. 81 299,69 t o9 * 63. Eu * 0.7. %
15. P _0.026 * 359 * 6L, Gd * 3 t
16. 8 0.13 r 59 t 65. To £ 0.7 %
17. C1 g E3 x 66. Dy t 2 7—‘
19. K  _0.81 t 59 £ 67. Ho * 0.4 %
20. Ca 13.74 t o * 68. Er * 1 t
21. S¢ na x + 69, Tm na * *
22, Ti _0.18 t 59 * 70. Yb t 2 *
23. V z 48 % 71. Lu * 0.2 %
2k, Cr * 10 *s504 2. Hf S 0.4 %
25. Mn 0,08 % 109 % 73. Ta na * *
26. Fe 2.1k I 59 k2 Th. W E3 5 £
27. Co * 19 % 75. Re na t *
28. Ni £ 5 % 76. Os k3 kS
29. Cu * 38 % 77. Ir * *
30. Zn E: 120 % 76. Pt 2 0.6 2
31. Ga ng + x 79. Au I T
32. Ge pa * * 80. He + *
33. As T 0,1 % 81. T1 t x
3L, Se * 0.4 1 82, Pb * 1 *
35. Br * 0.5 % 83. Bi * :
37. Rb x T 8k. Po ] £
38. sr 3 400 2 85. At ES E:
39. Y * 53 X 86. Rn * t
40. Zr kS 50 % 87. Fr * *
41, Wb I 4 Z 88. Ra z 3
42. Mo * * 89. Ac + *
43, Te x x 90. Th * 0.5 %
4. Ru E 1.5 % 91. Pa £ E3
45. Rh na x - 92. U z 0.3 %
4. Pa £ 0.1 * 93. Np x k2
L7. Ag 23 0.1 % ok. Pu £ z
48. cd * < 0.05% 95, Am * *
49, In E2 < 0.05% % . Cm £ x
0 13.3 I oq x Free H.O L4.10 159 i
Fe'o/fe™ 0.5 T 54 2 Bound Hgo 2.0 fs5q 3
Method of Analysis: Analytical Lab.
¥C0, from carbonate Lab. Sample No.
*¥ %xpressed as a percent of the concentration Date:

na - not analyzed .
Signed:

RL-3635%

-26-




ANALYTICAL REPORT

Fresh to slightly
Materialweathered diabase IRL Sample No. 1IMI411

17-CH-11 86.1-89.0'

Z Weight % Weight PPM z Weight % Weight PPM
1. H  pg : £ 50. Sn * 0.05 %
2. He pg : : 51. Sb x < 0.05 %
3. L = 10 E 10% 52.7Te £ < _0.05
L. Be g5 x z—~197 23- I x *
5. B * <5 x 55. Cs * 0.1 *
6.C qa * * 56 . Ba t 14 x
7. N  na z * 57. La = 12
8.0 na + + 58, Ce T 3 ¥
9. F ng * t 59. Pr * 0.5 %
11. Na _g2.1 t 5% x 60, Nd * 2.5 %
2. M 677 * 5% kS 61. Pm * *
13. AL _8.42 %t 5% t 62. Sm 3 1 E
4. 81 22,65 t 59 t 63. Eu + 0.3 *
15. P 0.008 % 10% x 64, Gd * 0.5 =
6.8 _o.000 *10% £ 65. To 3 0.5 &
17. C1 npa £ = * 66. Dy £ 1 x
19. K 0.069 * 5% 3 67. Ho x 0.3 %
20. Ca 6.9 t 5% * 6%. Er E3 il 3
21. S¢ na 4 x 69. Tm na k3 *
2. Ti 0.95 £ 5% 3 70, Yo > 1 X
23. v 2 170 * 71. Iu x x
2k, Cr x 400 * 50% 72. Hf t L
25, Mn 0.0% * 20% + 73. Ta na * t
26. Fe _5.78 * 5% t Th. W E E3
27. Co * 14 S 75. Re na £ t
28, Ni * 65 * 76 . Os £ £
29. Cu * 25 * 77. Ir kS k3
30. Zn * 5 * 76. Pt x X
31. Ga na £ * 79. Au x £
32. Ge pa ¥ * 80. Ig t *
33. As x 0.1 % 81. T1 x E:
3Lk, Se * 0.3 =2 82. Fb * 0.3 *
35. Br x 0.6 % 83. Bi * *
37. Rob * 0.1 % 8. Po * *
368. Sr * 60 = 85. At T T
39. Y x 16 x 86. Rn * b
L0, Zr x 16 * 87. Fr * t
L1, o = 0.1 % 88. Ra * x
42. Mo E * 89. Ac £ £
43, Te * * 90. Th * t
L, Ru * ) £ gl. Pa £ £
L5. Rh  na * * 92. U k3 £
LW, Pa + + 93. Np + +
L7. Ag * * o4, Pu * *
418, Cd * * 95, Am k3 £
49. In x < _0.05 % 9. Cm S x
0 0.14 t 59 * * *
el LB Taf z I T
Method of Analysis: Analytical Lab.
¥C0, from carbonate Lab. Sample No.
*% Expressed as a percent of the concentration Date:

na - not analyzed Signed:

21 .363%

-27-




ANALYTICAL REPORT
Porphyritic amygdaloiddl altered

Material and slightly weathered basalt IRL Sample No. 1 M 1419

17-CH-11 496.5-499,0'

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na x ** £ 50. Sn * < _0.05 %
2. He na 3 3 51. Sb * < _0.05 %
3. Li * 9 *10% 52, Te S < 0.05 %
L. Be na * t 53. 1 1 0.1 %
5. B z 7 E506  55.Cs * 0.1 2
6. C na * z 56 . Ba * 15 *
7. N na £ * 57. La x 4 *
8.0 nma £ x 58. Ce T g S
9. F na * + 59. Pr * o *
11. Na 2.1 * 59 x 60. Nd x 4 i
12. Mg 2.43  E 59 : 61. Pm * x
13. Al _9.25 t 5% * 62. Sm 2 5 T
1. 81 23.14  *5¢ z 63. Eu * 0.3
15. P 0.010  *10% k3 6L. Gd * 1 *
6.8  0.012 *10% * 65. To * 0.4 %
17. C1 na f - f 66. Dy f 1.5 f
19. X 0.093 %59 3 67. Ho k3 0.3 *
20. Ca _6.29 = % 5% * 68. Er 3 0.7 %
21. 8¢ na * + 69_ Tm na + +
2. Ti _0.69 % 5% z 70. Yb 3 1 %
23. Vv * 620 * 71. Iu x E3
2k. Cr N < 10 % 72. Hf x 0.05 =
25. Mn 0,03 204 1000 0% 73. Ta  pp t t
27. Co * 35 % 75. Re na * *
28. Ni * 14 x 76. Os * *
29. Cu =] 115 x 77. Ir + x
30. Zn * 140 £ 78. Pt x k3
31. Ga pg * * 79. fu x *
32. Ge pg * * 80. He * *
33. As * 0.4 81. T1 : :
34, Se * 0.8 * 82. Pb e 0.6 =
35. Br * o) + 83. Bi t. +
37. Rb * 0.3 = 8L. Po Ex T
38. sr * 80 * 85. At E x
39. Y * o] * 8. Rn x E3
40. Zr z 30 = 87. Fr x E
41, Nb £ 0.2 * 88. Ra E 3
L2, Mo + 0.8 = 89. Ac I I
13, Te * S 90. Th t < 005 2
4. Ru : 9 % 91. Pa E: T
45. Rh na x * 92. U x ES
4. Pa 3 < 0.05 % 93. Np x *
47. Ag s < 0.05 % 9. Pu £ T
48. ca 3 k2 95, Am £ £
49, In * < 0.05 % 96. Cm + *
*CO 0.36  fs5q x = *
re*e/pe’0 T0.95 T5¢ z I z
Method of Analysis: Analytical Lab.
¥C0,, from carbonate Lab. Sample No.
**¥Expressed as a percent of the concentration Date:

na - not analyzed .
Signed:

RL-3635
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ANALYTICAL REPORT
Altered and weathered

Material porphyritic basalt ILRL Sample No. 1 M 1113
17-CH-11 901.8-903.2'
Z Weight % Weight PPM Z Weight % Weight PPM
1. H na £ *¥ * 50. Sn * 0.3 %
2. He pa * * 51. Sb t t
3. Li * 15 *10% 52.Te = =
4, Be na * + 53, I + +
5. B + 5 3 55, Cs * T
6. C na t * 56. Ba t 2z £
7. N na * * 57. La £ g %
8.0 na Y £ 58. Ce t 20 %
9. F na x * 59. Pr * 5 *
11. Na 2.0 t 59 * 60. Nd * 20 %
12, Mg 3.08 £ 29 ] 1. Pn x x
13. AL 9.75 2% x 62. Sm : 10 %
14, 81 21.58 t 2% % 63. Eu > 5z
15. P 0.051  *I 59 t 6L, Gd t 6 =
6.8 0.022 % 5% 3 65. To k2 T
17. C1 ng * t 66. Dy * 5 *
19. K _0.11 t 5% : 67. Ho * z %
20. Ca 5.92 5% £ 68. Er * 4 £
21. S¢ na x * 69 Tm na + +
22, Ti 0.74 t 59 * 70. Yo k3 ERE
23. V * 350 + 71, Lu t 1 %
4, Cr t < 10 x 72. Hf 3 *
25. Ma 0.10 _ Z10% I 73. Ta g x *
26. Fe 6.98 5% E3 Th. W E3 ES
27. Co £ 20 t 75. Re na x *
28, Ni * 30 * 76. Os * *
29. Cu t 65 * 77. Ir 1 t
30. Zn t 75 x 7. Pt * *
31. Ga na + + 79. Au I T
32. Ge na £ B 80. Hg x x
33. As * 0.6 = 81. Tl E: k>
3k. Se t 0.6 % 82. Pb * 1 x
35. Br x 1 x 83. Bi x X
37. Ro * 0.6 * 84. Po * *
38. Sr x 75 x 85. At * x
39. Y * 35 t 86. Rn * *
40. Zr x 60 b 87. Fr ES £
41. No * 0.5 = 88. Ra t *
L2, Mo £ 3 z 89. Ac 2 x
43, Te x * 90. Th x *
L. Ru * 15 t 91. Pa x t
45. Rh na * t 92. U x t
4. Pd e x 93. Np * *
47, Ag x * ok. Pu * *
48. Ccd z 3 95. Am S 3
L9, In * 0.5 % 96. Cm t f
*CO 0.39 % 5% * : = x
Fe+2/F§+3 0.87 % 54 * * *
Method of Analysis: Analytical Lab.
%C0, from carbonate Lab, Sample No.
*% Expressed as a percent of the concentration Date:

na - not analyzed Signed:

RL-3635
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ANALYTICAL REPORT

Material Fresh altered tuff IRL Sample No. 1 M 1475
17-CH-11 925.8-928.T!

Z Weight % Weight PPM Z - Weight % Weight PPM
1. ¥ na x ¥ t 50. Sn X 0.05 %
2. He na + + 51, Sb E3 *
3. Li * 9 ¥ 10% 52, Te ES *
4. Be x 0.5 % 53, I * *
5. B E: 20 ¥ 504 55, Cs x 0.1 %
6.C na £ x 56 . Ba I 200 f 50%
7. N na + + 57. la + 5 +
8. 0 na 3 E3 58, Ce I 50 F
9. F na + + 59, Pr + 4 *
11. Na 1.5 £ 5% > 60. Nd kS 15 S
12, Mg 1.68 2% £ 61. Pm z T
13. AL 7.30  : 2% = 62. Sm T = I
1. 81 26.65 X 29 * 63. Bu * 102
5. P 0.038 X _5% . 64, Gd * 6 t
6.8 _0.019 * 5% 3 65. To 3 0.5 *
17. C1 pa B z 66. Dy I s I
9. K _0.47 % 5% * 67. Ho E: 1
20. Ca 5.13 2% E3 68. Er E2 4 7
21. Sc + o5 + '.'_ZQ% 69. Tn na + +
22. T1 _0.91 t 5% * 70. Yb * z 3
23. Vv z 250 t 509 71. Iu * 0.4 =
24, Cr x 20 * 50% 2. Hf * o *
25. Mn _0.06 t20% x 73. Ta e * X
26. Fe 6,20 * 59 + h. W £ x
27. Co Ea * 75. Re na E X
28. Ni + 15 T 50 76. Os E x
29. Cu * 120 £ 50 77. Ir z E:
30. Zn e 40 t 50 78. Pt * *
31. Ga * 20 t 50% 79. Au : t
32, Ge ma z z 80. Hg z *
33. As * 2 * 81. Tl * x
34. Se & 0. % 82. Pb £ 2t
35. Br x 6 * 83. Bi E3 E:
37. Rb x 2 x 8. Po £ X
38. 8r * 75 * 50% 85. At * £
39. Y * 16 f 50% 86. Rn E E
40. Zr £ 150 * 506 87. Fr B *
41. No x 0.5 % 88. Ra E z
L2, Mo = 1 * 89. Ac x E
L3, Te * x 90. Th x 1 £
Lk, Ru + 7 x G1l. Pa x *
k5. Rk na * E3 92. U * £
4. Pd t E 93. Np E B
&7. Ag £ 0.1 % o, Pu k3 3
48, Cd x + 95, Am £ *
59, In x * 9. Cm * *
0 0.24 * 5% * * +
Fe'o/fe™ 0.74 _ E 5% 3 £ z
Method of Analysis: Analytical Lab.
¥ C0, from carbonate Lab. Sample No.
*% E%pressed as a percent of the concentration Date:

na - not analyzed Signed:

RL-3635
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ANALYTICAL REPORT

Material Fresh tuffaceous sandstone IRL Sample No. 1 M 1262
l7-CH-12and 118.4-119.1'
120.2-120.8"
Z Weight % Weight PPM Z Weight % Weight PPM
1. H na x t 50. Sn £ t
2. He na * + 51, Sb * +
3. Li x 12 £10% 52, Te + +
L., Be na x 3 53, I Ex E
5. B * 5 * 55. Cs x 0.1 %
6. C na L] £ 56. Ba * 400 *
7. N na E3 £ 57. La * 6 *
8. 0 na 3 b 58, Ce £ 10 E3
9. F na, + + 59, Pr * 1.5 +
11. Na 1.6 * 59 I 60. Nd E3 6 £
12, Mg 2.44 2% * 61. Pm x +
13, Al 10.44 2% + 2. Sm + 4 £
14, 81 23,07 24 * 63. Eu * > 3
5. P 0.000 ¥ 10% * 6L, Gd * 4 *
6.5 _o.0h1 % 5% * 65. To B 0.9 =
17. C1 na + 3 66. Dy + 4 *
19. K 0.40 t 59 k3 67. Ho x 3 *
20, Ca 6.29 29 £ 68. Er I > £
21. Sc na x z 69. Tm na * z
22. Ti _0.62 t 5% 3 70. Yo * 0.6 %
23. V x 200 + 71. Lu x x
24, Cr L L5 £50% 72, Hf * x
25. Mn 0.04 t o0% * 73. Ta na z =
2., Fe _5.h2 %t 5% t h, W * 1 3
27. Co £ 18 * 75. Re na t x
28. Ni = 12 x 76. Os * +
29. Cu t 65 kS 77. Ir E: 3
30. Zn * 130 * 78. Pt * +
31. Ga na £ * 79. Au £ *
32. Ge na * b 80. He x z
33. As z 0.3 % 81. T1 x x
3k, Se t 0.2 % 82. Fb x 2 x
35. Br - 1.5 2 83. Bi * t
37. Rb * 1.5 % 8h. Po ks t
38. Sr kS 450 % 85. At 3 3
39. Y I 1B % 8. Rn z z
40. Zr x 30 * 87. Fr * *
41, Nb x 0.3 * 88. Ra * x
k2. Mo b x 89. Ac x B
L3, Te E: E: 90. Th t *
4L, Ru + 2 * g1l. Pa Y T
45. Rh na x £ 92. U * x
46. Pd I 2 93. Np : =
L7. Ag x * 9k, Pu x E3
48. cd E2 z 95. Am E z
49, In x x 9% . Cm x *
* CO 0.14 59 : T £
re*2/pe® 0.5 34 E E E
Method of Analysis: Analytical Lab.
¥ ¢o_. from carbonate Lab. Sample No.
** Eﬁbressed as a percent of the concentration Date:

na - not analyzed Signed:

RL-363%
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ANALYTICAL REPORT

Fresh tuffaceous
Material giltstone . IRL Sample No. 1 M 1281

17-CH-12 179.8-182.3'

Z Weight % Weight PPM Z Weight % Weight PPM
1.E £ ¥ * 50. Sn : 0.1 %
2. He na i x 51. Sb * t
3. Li x 14 % 10% s52.Te z £
4, Be mna + + 53, I E 0.2 +
5. B & 10 ¥ 50% 55.Cs * 0,05 *
6.C na £ £ 56 . Ba £ 550 *
7. N na, * x 57. La x 5 x
8.0 na t * 58. Ce t 12 *
9. F na . t 59. Pr * 2 &
11. Na _ 1.7 t 5% * 60. Na * 9 t
2. M _2.77 % 3% * 61. Pm S L
13. AL _9,70 % 29 * 62. Sm t 4 *
4. 81 24,04 E 29 t 63. Bu t 0.4 %
15. P 0.031. % 59 kS 6L. Gd £ 3 *
16. 8 0.109 % 5% t 65. To % 0.4 %
17. Cl pa > E 66. Dy : 5 :
19. K 0.44 % 59 t 67. Ho x 0.5 =%
20.Ca _5,66 % 2% + 68. Er i 1 +
21. Sc  ng i x 69. Tm na x X
22. Ti _o,74 % 59 : 70. Yo % o,5 %
23. V £ 850 % 71. Iu * :
2. Cr ] 20 % 50% 72. Hf * 2 £
25. Mn _ 0,08 f10% x 73. Ta _pa 3 x
26.Fe _6.71 % 59 x T4, W * 0.5 +
27. Co z 10 * 75. Re na * *
28. Ni * 11 % 76 . Os x x
29. Cu * o35 I 77. Ir x *
30. Zn * 5 = 78. Pt z S
31. Ga na + + 79. 'Au kR +
32. Ge _na * * 80. Hg .z *
33. As E3 0.4 % 81. Tl S e
34. Se 3 0.8 % 82. Pb * = _ %
35. Br + 1 * 83‘ Bi + +
37. Rb * 5 % 8. Po * *
38. Sr £ 210 2 85. At & 2
39. Y 3 35 3 86. Rn + *
4o. zr * so % 87. Fr * LS
41, Mo 3 0.3 88. Ra E3 3
42. Mo E k2 89. Ac £ £
43, Te 3 3 90. Th z z
ki, Ru x 5 * 91. Pa * +
L5, Rh na + kR 92. U + +
46, Pd * * 93. Np t t
47. Ag * t 9. Pu S x
48. cd z £ 95. Am £ *
49. In £ £ 9. Cm £ £
%GO 0.14 t 5% = * *
Fe+s/%e+3 0.20 _ % 59 E e 3
Method of Analysis: Analytical Lab.
*CO, from carbonate Lab. Sample No.
¥** Expressed as a percent of the concentration Date:
na - not analyzed Signed:

RL-3635
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ANALYTICAL REPORT

Material Agglomerate IRL Sample No. 1M 1073

17-CH-12 288.2 - 289.0'

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na T xx * 50. Sn * *
2. He ne E> x 51. Sb x x
3. Li * 8 £10% 52. Te ¥ *
4., Be na * £ 53. I * 0.3 %
5. B * <5 % 55. Cs : :
6. C na * * 56. Ba ¥ 55 *
7. N na x * 57. La * 1.5 %
8.0 na * t 58. Ce + 8 £
9. F na * + 59. Pr * 0.8 %
11. Na 1.b % 59 £ 60. Nd ES 2 £
12. Mg 3,02 f 2% 3 61. Pm * t
13. A1 _11.52 % 2% * 62. Sm : 2 t
., 81 20.8%5 % 2% £ 63. Eu t 0.7 %
15. P 0.005 *20% x 6. Gd x 1 T
6. 8 0.008 #*10% £ 65. To t 0.4 %
17. C1 _na * * 66. Dy t 1 *
19. K 0.17 % 5% * 67. Ho * o.h %
20. Ca 8.86 * 29 * 68. Er * 2 *
21. 8¢ _na x * 69. Tm na * :
22, Ti 0.59 * 5% E3 70. Yb 2 E]
23. V S 350 * 71. In t *
2k, Cr * 35 504 7e. HE 2 5
25. Mn 0.06 *20% x 73. Ta na £ *
26.Fe 6,13 ?’% * Th. W E £
27. Co % 12 2 75. B¢ _na : *
28. Ni * 20 ¥ 76. Os * 1 *
29, Cu * Lo + 77. Ir E x
30. Zn t 60 * 76. Pt t *
31. Ga _na * * 79. Au £ *
32. Ge _na x x 80. Hg + £
33. A&s * 0.1 % 81. T t t
3. Se * 0.5 % 82. Pb x 0.6 %
35. Br * 2 * 83. Bi x *
37. Rb t 0.7 % 8. Po t *
38. Sr * 160 * 85. At k3 E
39. Y g3 12 X 86. Rn * *
40. Zr x 25 * 87. Fr * £
41, N * 0.2 1% 88. Ra * S
)-}-2. Mo + + 89' Ac T T
43. Te 3 £ 90. Th : x
ki, Ru na x * gl. Pa x x
LS. Rh x + 92. U * t
4. P t E: 93. Np = *
L7. Ag b £ 94, Pu x g
L8, ca £ £ 95. Am * £
49. In z 0.0 * %. Cm e E:
*CO 0.15 % 5% + + +
Fete/me™® ~ 0.39 T 5% I S £
Method of Analysis: Analytical Lab,
*¥ COp from carbonate Lab. Sample No.
*¥ Expressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-3635
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ANATLYTICAL REPORT

Agglomerate with
Material tuffaceous matrix IRL Sample No. 1 M 1%28

17-CH-12 385.6-387.1"

Z Weight % Weight PPM Z Weight % Weight PPM
1.5 na t ¥ * 50. Sn + < 0.05 *
2. He na * t 51. Sb % 0.2 %
3. Li 3 14 £10% s52. Te + 0.1
L, Be ‘na x * 53, 1 * t
5. B T 5 EX 55, Cs * 0.3 %
6. C na * * 56. Ba * 32 x
7. N na * x 57. La x P z
8. 0 na % S 58, Ce * 5 £
9. F na * * 59. Pr * 0.8 %
11. Na _1,0 t 59 x 60. Nd t 4,5 *
12. Mg 3.04 o9 S 61. Pm * t
13. AL 10.11 * 2% * 62. Sm * 3 *
14, Si 21.90 o9 % 63. Eu + 0.5 %
15. P _0.003 % 50% t 6L, Gd E 2 k2
6. 8 0.006 % 10% * 65. Tb x 0 £
17. C1 na £ * 66. Dy t 3 2
19. K 0,082 * 59 * 67. Ho * 0.5 1
20. Ca 8.10 o9 * 68. Er t 1.5 #
21. S¢  na * x 69. Tm na * $
22. Ti 0.59 r 59 * 70. Yb x P 3
23. V ES 155 % 71. Lu * 0.2 *
2L, Cr X 90 0% 72, HE £ 1 *
25. Mn _0.08 %109 * 73. Ta  _pa x x
26. Fe 7.18 * 54 * T, W * 0.7 ¥
27. Co 3 § = 75. Re na t t
28. Ni S 16 = 76. Os £ *
29. Cu * o5 % 77. Ir x £
30. Zn t 75 % 76. Pt * *
31. Ga na * * 79. Au * x
32. Ge na 3 3 80. Heg : *
33. As x 0.2 % 81. Tl * *
3L, Se i 1.5 * 82, Po * 1 *
35. Br £ 1t 83. Bi t £
37. Rb £ 0.1 % 8. Po x *
38. Sr x g0 % 85. At k- +
39. Y x 10 % 86. Rn * *
4o. Zr x 12 % 87. Fr x x
41. Nb x 0.5 % 88. Ra * *
4o, Mo * 1 * 89. Ac + *
L3. Te * £ 90. Th * *
4. Ru x 7 % g1. Pa + E
45, Rh  na x * 92. U S x
w6, Pa 3 < 0,05% 93. Np * :
L7. Ag £ < _0.05% oL, Pu : *
48. cd : 3 95. Am z B
k9. In x 0.1 % 9% . Cm £ *
o 0.16 % 59 E: * x
Fete/F8" To.37_ I 5% ] £ x
Method of Analysis: Analytical Lab.
*CO,, from carbonate Lab. Sample No.
**Expressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-3635
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ANALYTICAL REPORT

MaterialFresh tuffaceous sandstone LRL Sample No. 123%
17-CH-12 970"
Z Weight % Weight PPM Z Weight % Weight PPM
1.5 pa + ** + 50. Sn + <0.05 *
2. He ng £ * 51. Sb i *
3. Li * 17 110% 52.Te * E
L. Be na * £ 53, 1 * *
5.8 x 25 t50% 55.Cs 3 0.5 %
6. C na £ 3 56. Ba ES 190 3
7. N na x * 57. La + 11 £
8. 0 na * * 58, Ce k2 12 k2
9. F na £ * 59, Pr * 3 x
1l. Na 3,7 5% t 60. Na * 10 t
12. Mg _2.15 o9 * 61. Pm * t
13. AL 10.20 tod S 62. Sm k2 L E
1h. Si 24,61 129 t 63. Eu t Q.5 =
15. P 0.032 5% £ 64, Ga t 2 *
6.5 _oaqr9  Zsg x 5. To * 0.3 %
‘17. C1 na x 1 66. Dy * 2 *
19. K _0.69 5% * 67. Ho x 0.3 2
20. Ca _4.99 2% * 68. Er * 1 %
21. Sc na x + 69. Tm na T T
2. Ti _0.56  I5% x 70. Yb x 0.8 %
23. Vv x 170 S 71. Iu t < Q.05 =2
24, Cr x €0 504 T2, Hf = 2 t
25. Mn _0.05 20% * 73. Ta na * *
26. Fe _5.37 t 5% * Th. W 3 t
27. Co x 9 * 75. Re na £ £
28. Ni x 8 x 76. Os x *
29. Cu £ 50 x 77. Ir * 1
30. Zn E 22 £ 78. Pt £ 3
31. Ga na + I 79. Au I T
32. Ge na x z 80. Hg I 2
33. As * 0.2 % 81. Tl * £
3h. Se * 0.3 % 82. Pb * 0.9 £
35. Br & 0.6 % 83. Bi + E3
37. Rb x 21 * 84, Po * *
38. Sr x 75 + 85. At + *
39. ¥ * 17 x 86. Rn £ *
Lo, Zr x 32 * 87. Fr £ k3
1. Nb x 0.2 % 88. Ra > T
42, Mo + + 89 Ac n I
43, Te * x 90. Th * 0.5 I
Li, Ru + o) x 91. Pa + +
45. Rh na * x 92. U * Q.0
46 . P 3 < _0.05 * 93. Np t *
L. Ag x < 0.05 % 9k, Pu £ I
48, Cd x x 95. Am £ *
49. In E3 < 0.05 % %. Cm 2 2
*CO 0.20 *5% E b3 £
Fe'2/5st? 0.3 Isg £ z E
Method of Analysis: Analytical Lab.
% (0, from carbonate Lab. Sample No.
** Expressed as a percent of the concentration Date:

na - not analyzed Signed:

RL.-3635
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ANALYTICAL REPORT

Fresh Tuffaceous

Material Limestone IRL Sample No. 1M 1248
’ 17-CH-13 208.2 - 209.8'"

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na N + 50. Sn + <0.05 =%
2. He na * + 51¢. Sb x <0.05 =
3. Li : 17 TI0% 52, Te £ E:
4. Be na x * 53. I 1 0.5h +
5. B £ 15 504 55.Cs k3 0.5 %
6. C na x x 56 . Ba ¥ 2300 x
O — = E 57. la E: o1 e
8.0 na T ¥ 58. Ce T 29 T
9. F na * E3 59. Pr E3 L t
11. Na 1.5~ T 5% £y 60. Nd E: 9 >
12. Mg 1.05 * 0% : 61. Pm T T
13. Al L.23 % 2% * 62. Sm i 4 *
b, 81 1885 £ 2% x 63. Eu S 1 +
15. P 0.010 *10% 3 6L, Gd E: L >
16. 8 0.19 % 5% 3 65. To k3 1 E:
17. C1 na x * 66 . Dy 3 L T
19. K 0.93 * 5% x 67. Ho s 0.6 %
20. Ca _15.75. % 2% x 68. Er * 2 z
21. Sc _na t * 69. Tm na * *
22. Ti 0.51 % 5% * 70. Yb * 2 ks
23. Vv : 192 x 71. Iu x 0.3 %
2k. Cr B 20 _ *s504 2. Hf * 1.5 =
25. Mn 0.02 %20% t 73. Ta na x ' :
26. Fe __2.52 % 5% * Th. W * 0.5 %
27. Co = 58 = 75. Be na >
28. Ni * 21 % 76. Os * *
29. Cu £ % I 77. Ir * :
30. Zn = 105 t 76. Pt * *
31. Ga _na * * 79. Au x *
32.Ge _na z z 80. Hg k2 *
33. As * 0.65 = 81L. T1 * *
3k. Se * < 0.05 % 82. Fb * 1.5 2
35. Br x 2 ks 83. Bi x x
37. Rb z 6 % 8k. Po £ £
38. sr : 1900 3 85. At * E
39. Y * L2 * 86. Rn * *
4o. Zr : €2 + 87. Fr * *
L1. Wb £ 3 * 88. Ra * *
42. Mo 3 £ 89. Ac 3 E3
43. Te E S 90. Th ] 0.5 %
4k, Ru S L 3 91. Pa * *
45. Rh _na x * 92. U i 0.8 %
L6, Pa 3 0.2 % 93. Np E >
L. Ag t t 9. Pu 3 T
48. Ccd E> < 0.05 % 95. Am E3 3
4L9. In > < 0.05 % % . Cm E] t
*CO. 14.6 5% * * *
Fe+%’?Fe+3 0.36 X 5% £ 3 3
Method of Analysis: : Analytical Lab.
*COp from carbonate Lab. Sample No.
**% Expressed as a percent of the concentration Date:

na - not analyzed .
Signed:

RL-3635
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ANALYTICAL REPORT

Moderately weathered ‘
Material calcareous shale LRI Sample No. 202/64

17-CH-13 321'

A Weight % Weight PPM A Weight % Weight PPM
1. H na * x 50. Sn * 0.05 *
2. He' _na * * 51. Sb t 0.05 *
3. Li 3 9% T 5% s52.Te £ 3
4. Be _na E3 * 53. 1 * 10 *
5. B E 50 504 55. Cs b 2 ES
6. ¢C na * * 56. Ba t 520 x
7. N na t * 57. La * 8 t
8.0 na * % 58, Ce t 13 t
9. F na * t 59. Pr * 2 t
11. Na 1.3 * 59 * 60. Na x 8 *
12, Mg 1.81 * 29 * 61. Pm t *
13. Al 8.7h % 2% S 62. Sm x 3 x
1. 81 22,60 * 2% t 63. Eu t 0.5 %
15. P 0.061 % 5% t 6k, Gd x 1 x
16. 8 1.46 % 5% t 65. To x 0.3 %
17. C1 _na * * 66. Dy £ ) t
19. K 1.4 % 5% * 67. Ho S 0.2 %
20. Ca 4,52 % 29 * 68. Er * 1 *
21. Sc na x * $9. Tm na * $
22, Ti 0.75. % 5% * 70. Yb t 1 t
23. v t 420 % 71. Iu * *
24, Cr x 100 *s50% 72. HE x £
25. Mn 0.05  *ocfb t 73. Ta na t *
26. Fe 5.5 % 5% t Th. W * 1 *
27. Co x 12 * 75. Re 14 * 1
28. Ni * 75 t 76. Os * 0.5 %
29. Cu * 60 * 77. Ir t t
30. Zn 3 60 * 78. Pt t £
31. Ga _na * * 79. Au * £
32. Ge  na * * 80. Hg * :
33. As * 2 i g1. Tl * *
34. Se * 1 t 82, Pb x 2 x
35. Br * 20 t 83. Bi * t
37. Rb * 8 x 8l. Po T T
38. 8r * 260 * 85. At * x
39. ¥ * 20 * 86. Rn * x
Lo, Zr * 80 E 87. Fr * x
41. Nb ¥ 5 E3 88. Ra £ 3
42. Mo 3 3 3 89. Ac S +
43. Te x * 90. Th t 2 t
L. Ru * 2 - 91. Pa * £
L5. Rh _na x x 92. U x 1 *
u6. Pa t * 93. Np t *
K7, Ag : 0.2 % 9k. Pu * x
48. cd * B3 95. Am S x
49. In 2 £ %. Cm k2 t
*CO 5.90 £ 5% S £ E
re*Fhet3 I35 I o z E E
Method of Analysis: ’ : Analytical Lab.
* CO5 From carbonate Lab. Sample No.
*% Expressed as a percent of the concentration ’ Date:

na - Not analyzed Signed:

RL-363%
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ANALYTICAL REPORT

Material  Fresh shale IRL Sample No. 112

17-CH-13 781t

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na £ ** t 50. n % 0.05 =
2. He npa 2 * 5.8 _ % 0.5 =
3. Li 3 94 5% s52.Te _ * =
k. Be : 0.5  *s50%6 53.1 : 30 *
5.B * 80 t504 55. Cs * 2 *
6. C na + x 56 Ba + 400 x 5()%
7. N g * * 57. La = 3 *
8. 0 na * + 58, Ce + 21 *
9. F npa t * 59. Pr t 3 E:
11. Na 3,4 * 5q * 60. Na 3 4 £
2. Mg 1.96 £ 2% z 61. Pu z . I
13. A1 8.74 2% E3 62. Sm k3 3 t
14, Si 21.84 B kS 63. Eu S 0.4 +
15. P  0.078 £ 5% ES 6L, Gd * 2 *
16. 8 1.83 t oq b 65. To * 0.3 *
17. C1 na * * 66. Dy e 3. 12
19. K 1.2 £ og I 67. Ho S 0.3 £
20. Ca 5.2 £ 29 * 68. Er * 1 *
21. Sc * 20 504  69. Tm na t £
o2, Ti 0.73 £ 59 t 70. Yo t 1.5 %
23. V x 100 £504 71. Lu * 0.2 *
24, Cr = 100 fcob 7o, HE * 1 *
25. Mn  0.08 £10% * 73. Ta na * *
26. Fe 548 t 59 * Th. W * 1 *
27. Co £ 50 * 75. Re na * *
28. Ni kS 50 504  76. Os t *
29. Cu x 100 50 7. Ir * S
30. Zn t 40 £50% 78, Pt * *
31. Ga £ 10 504  79. Au t *
32. Ge na x * 80. Hg £ *
33. As x 11 3 81. Tl £ 0.3 *
3L, Se £ 1 + 82. b * 3 *
35. Br x _£5 x 3. Bi * *
37. Rb * 19 * L. Po * *
38. Sr * 250 t50% 85. At x *
39. Y * 8 t50% 86. Rn + e
k0. Zr k3 100 t50% 87. Fr : *
41. Nb x 4 x 88. Ra t x
42, Mo * 4 * 89. Ac x x
43, Te * * 90. Th x 1 *
L. Ru * <0.05 % 91. Pa x *
4L5. Rh na * * 9. U * 2 +
L6. Pa t <0.05 % 93. Np * *
47. Ag b 0.1 % k. Pu x *
L8. cd 63 <0.05 % 95. Am x x
k9. In : <0.05 % % . Cm x *
¥0, 5 499 % 5% 3 Free H,0 _16.%6 5% *
Fe' /Fe’’ _1.27 _ E 5% E: Bound H,0 _ k.8 %59 *
Method of Analysis: Analytical Lab.
*C0,, from carbonate Iab. Sample No.
*% Expressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-363%
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ANALYTICAL REPORT

Slightly weathered
Material lapelli tuff IRL Samplie No. 1 M 1144

17-CH-14  496.2-497.4'
and  500.5.501.2"

4 Weight % Weight PPM Z Weight % Weight PPM
1. H pa £ ** * 50. Sn : 0.1 %
2. He na t t 51. Sb t < 0.05%
3. Li = 17 * 109 52.Te * *
4. Be ng x t 53. 1 : 0.2 =
5. B x 5 * 55. Cs * 0.5
6.C na * t 56. Ba t 560 %
7. N na £ * 57. La * 20 +
8.0 na * * 58, Ce t 45 *
9. F na t t 59. Pr x 5 %
11. Na _31.8 5% * 60. Nd t 20 %
12. Mg _3.66 % 2% t 61. Pm * t
13. A1 _8.23 % 2% t 62. Sm x 5 %
14, 81 24,33 % 29 * 63. Bu t 0.7 %
15. P 0.082 % 59 * 64. Ga t 3 %
16. 8 0.019 I 59 £ 65. To t 0.5 %
17. C1 na £ * 66. Dy x 4 2
19. K 0.95 % 59 x 67. Ho x 0.5 %
20. Ca _6.00 % 29 * €8. Er * 1.5 %
21. 8¢ na * * 69. Tm ns, £ *
22, Ti 0.76 t 59 x 70. Yb x 1 x
23.V t 500 * 71. Iu * 0.2 %
2k, Cr * 50 * 509 7e. Hf x 2,5 %
25. Mn _0.10 %109 . 73.Ta na X *
26.Fe _6.02 % 59 * Th. W : 3 %
27. Co = 20 % 75. Re na *
28. Ni x 20 3 76. Os 3 %
29. Cu x 100 x 77. Ir * t
30. Zn * 115 : 76. Pt * *
31. Ga ng + + 79. -Au + +
32, Ge na £ * 80. Hg + x
33. As * 0.2 1% 81. T1 * 0.05 2
3k. Se t 0.4 % 82. Pb E: o %
35. Br z o E: 83, Bi > x
37. Rb E: 6 > 8. Po x E:
38. Sr * 770 : 85. At * t
39. ¥ 3 35 * 86. Rn * x
Lo, Zr x 100 x 87. Fr kS x
41. Nb x o, % 88. Ra * *
42, Mo * 0.8 * 89. Ac + x
43. Te t t 90. Th * 2
L, Ru * * 91. Pa * 0.7 %
45. Rh na * % 92. U x *
6. Pd t 0.05 % 93. Np t E
L. Ag * < 0.05 % 9L. Pu £ T
48, c4 * < _0.05 % 95. Am S *
49, In * 0.5 # 9. Cm x E
*C0O 0.15 * 5% + t +
ret2/pot3 040 E 54 3 T T
Method of Analysis: Analytical Lab,
*C0, from carbonate Lab. Sample No.
*¥% Expressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-3635
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ANALYTICAL REPORT

Material Fresh tuff IRL Sample No. 1 M 1117

17-CH 14 576.5-578.2"

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na x - 50. Sn * 0.05 *
2. He nqa E: x 51. Sb t < 0,05 %
3. Li x 21 * 59 52. Te £ E
4. Be na * E 53. 1 * 0,05 %
5. B + T + 55_CS + 0.5 *
6.C 1a I Ex 56 . Ba t 320 *
7. N na t * 57. La x 24 *
8.0 na * + 58. Ce * 40 *
9. F na * + 59. Pr + 5 3
11. Na 1.6 t 5% t 60. Nd * 17 t
12, Mg _2.58 r 2% t 61. Pm * *
13. A1 _8.03 2% * 62. Sm * 4 *
1k, Si 25.14 * 2% * 63. Eu * 0.6 *
15. P _0.080 % 10% * 6L, Gd t 3 x
6.8 0.018 f 59 t 65. T t 0.5 %
17. C1 na * i 66. Dy * 3 *
19. K 1.2 t 5% * 67. Ho t 0.6 %
20. Ca 6,06 r o9 * 68. Er * 1.5 %
2l. 8¢ na : 1 69, Tm na k- x
22. Ti 0.59 % 5% z 70. Yb T 7 T
23.V 3 460 % 71. In * < 0.05 %
2L, Cr £ 20 * 504 7o, HE * 2 *
25. Mo 0,12 % 10% * 73. Ta na * x
26. Fe 5.06 t 5% - Th. W x *
27. Co * 32 % 75. Re ns * *
28, Ni + 16 + 76. Os + *
29. Cu * 51 * 77. Ir E3 T
30. Zn * 44 2 76. Pt x x
31. Ga na = * 79. Au : =
32. Ge na * x 80. Hg x x
33. As x 0.2 % 81. T1 x :
34. Se z 0.5 % 82. Pb * 1.5 =
35. Br x 12 83. Bi * *
37. Ro 3 gz 8. Po z z
38. Sr kS 380 I 85. At £ T
39. Y £ 32 % 86. Rn x *
4o. zr x 130 % 87. Fr = x
41, Nb x 0.6 % 88. Ra x *
42, Mo * 0.5 % 89. Ac x B *
43, Te + S 90. Th : 1 *
4. Ru * o % g1, Pa * x
L5, Rh ng x + 92. U * 0.3 %
w6. P e 0.1 % 93. Np x :
47. Ag * 0.05% ok. Pu £ :
48, ca + * 95. Am + +
¥9. In ___ * < __0.05% %. Cm S f
*CO 2.52 % 59 k3 g T
re'2/Fe™  _0.30 I 5% ¥ | z z
Method of Analysis: Analytical Lab.
*C02 from carbonate Lab. Sample No.
*¥% Expressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL-3635
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ANALYTICAL REPORT
Interbedded tuffaceous

Material agglomerate and sandstone ILRL Sample No., 1 M 1131

17-CH-14 601. 4-603.9"

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na + ** * 50. Sn x 0.2 %
2. He na + x 51. Sb * 0.1 £
3. Li : 12 2 52, Te £ 3
L, Be na * * 53, 1 * +
5. B x 5 % 55. Cs + 0.6 *
6. C na x * 56, Ba * 130q
7. N na * £ 57. La E3 ce | %
8.0 na x * 58. Ce x 115 x
9. F na * * 59. Pr * 8§ =
11. Na _1,8 * 5% t 60. Nd & 40 =
12. Mg _2,3¢ % 29 * 61. Pm t *
13. AL _8.48 % 29 * 62. Sm z 10 %
14, Si 24,60 T o9 * 63. Eu £ 1,5 *
15. P 0.116 * 59 £ 6L, Ga ES g8 =
16. 8 0.0l8 * 59 * 65. To £ 0.9 *
17. C1 na x £ 66. Dy * 5 %
19. K 2.0 t 5% * 67. Ho * 0.9 %
20. Ca 5.02 2% + 68. Er E 4 E
21. S¢c na * T 69. Tm o T I
22. Ti 0.96 t 5% £ 70. Yb 3 4 %
23, V x 500 # 71. In + 2 x
24, Cr * 20  * s5o9 72, HE x 5 x
25. Mn 0.06 + 20% * 73, Ta na + x
6. Fe _5.35 * 5% : Th. W > £
27. Co S 60 % 75. Re na, * t
28. Ni x 40 76. Os E3 3
29. Cu x 220 * 77. Ir x *
30. Zn 2 240 % 78. Pt ES 3
31. Ga na + * 79. Au * £
32. Ge ha £ i 80. Hg £ *
33. As * 1t 81. Tl * t
34, Se * 0.5 % 82. Po x 3 x
35. Br X 4 = 83. Bi * E
37. Rb : 25 % 8Lk. Po * S
38. Sr x 880 % 85, At E2 T
39. Y x 0 % 86. Rn x x
4o, Zr z 255 % 87. Fr * x
31, o I 2 Z 88. Ra * =
42, Mo x £ 89. Ac ¥ T
43, Te x z 90. Th * 2 =
kL. Ru x 5 % 91. Pa t e
45, Rh na x x 92. U * 0.4 %
46, Pd i * 93. Np * x
k7. Ag * B 94. Pu E: >
48. ca z x 95. Am > x
49. In 3 0.2 % %. Cm E %
*00 1.60  5q 3 z 3
Fe+g/§e+3 0.28 _ T 59 3 3 3
Method of Analysis: Analytical Lab.
¥C0, from carbonate Lab. Sample No.
*¥% Expressed as a percent of the contentration Date:

na - t 1 d
not analyze Signed:

RL-3638
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ANALYTICAL REPORT
Material Agglomerate IRL Sample No. 131
17-CH-14 715"
Z Weight % Weight PPM Z Weight % Weight PPM
1. H na ¥ * 50. Sn * < _0.05 * '
2. H _na + x 51. Sb * 0.05 *
3. Li * 14 *310%.  52. Te t < _0.05 %
L. Be * 0.5 1% 53. 1 * t
5. B * 5 % 55. Cs t 0.2 % *
6. C na, E S 56. Ba * 400 £50%
7. N na b x 57. La * 5 1509
8.0 _na x x 58. Ce * 16 *
9. F ey * t 59. Pr t 3 £
11. Na 2.6 t 59 x 60. Nd * 10 *
12, Mg 3,07 % 2% 3 61. Pm * *
13. Al 9.32 % o9 * 62, Sm * 4 x
14, 81 o95.21 % 29 x 63. Eu * 0.7 2
15. P 0.044 * 59 E 6. Gd 3 4 x
16. 8 0.009 %10% * 65. To £ 0.4 %
17.Cl _na B z 66. Dy * 3 £
19. K 1.1 t 59 * 67. Ho * 0.3 *
20. Ca 5.47 % 29 * 68. Er * 1 *
21. Sc X 30 5079, 69. Tm na * *
22, Ti 0.59 % 59 * 70. Yb * 2 *
23. V * 250 509 71. Iu kS < 0.05
2. Cr £ 80 50% 72. Hf * 1 *
25. Mn 0.05 %209 * 73. Ta na * *
26. Fe 5.19 % 5% S Th. W t *
27. Co * 11 * 75. Re na * t
28, Ni * 25 1509 76. Os * t
29. Cu * 100 £50% 77. Ir * £
30. Zn + 40 5o 76, Pt * *
31. Ga t 20 504 79. Au * * .
32.Ge _na x e 80. Heg * :
33. As £ 0.3 81. T1 x 0.2 %
3L, Se £ 0.6 % 82. Pb x 2 x
35. Br * 1 + 83. Bi * + -
37. Rb * o1 z 84. Po E: 2
38. Sr E 300 504 85. At E: E
39. Y t 10 1509 86. Rn x b
LO. Zr E: 100 5o 87. Fr : *
k1., Nb z 0.2 I 88. Ra b *
L2, Mo + 0.7 % 89. Ac * B
43, Te * S 90. Th * 0.5 =%
Lk, Ru ES 7 3 91. Pa * t
45. Rh _na x * 92. U * *
4. Pd T 0.1 = 93. Wp 3 *
47. Ag £ 0.1 = ok. Pu * x
48, ca k2 < 0.05 95. Am * £
L9, In kS < 0.05 * 96 . Cm £ *
*CQ 0.18 + 5% + + +
re*2/r8"> T0.48° T 54 z z & R
Method of Analysis: Analytical Lab.
* 00, from carbonate Lab. Sample No.
**E(%ressed as a percent of the concentration Date:
na - not analyzed .
Signed:
RL-3635
-42-




ANALYTICAL REPORT

Material Fregh Calcareous tuff LRL Sample No.1 M 1461
17-CH-15 2}2. -2%4.0’
olidely:
Z Weight % Weight PPM Z Weight % Weight PPM
1. H na £ x 50. Sn x *
2. He ng x * 51. Sb t *
3. Li x 21 f 54 52.Te * *
4. Be na x * 53. I E3 2 £
5. B * 50 £50% 55.Cs 3 *
6.C na * x 56. Ba * 60 %
7. N na * x 57. La * 6 x
8.0 na * t 58. Ce * 8§ %
9. F na x * 59. Pr E 1.5 2
11, Na 2,2 i 59 E] 60. Nd £ 7 Z
12. Mg 1,44 % 29 3 61. Pm * =
13. Al 6,88 = x 2. Sm k3 o £
14, Si 20.03 Bl £ 63. Eu 2 0.4 *
15. P 0.005 % 20% * 64, Gd * 1 %
6.8 _0.51 f 59 x 65. Tb * 0.3 *
17. C1 na E t 66. Dy x 1%
19. K 1.5 5% * 67. Ho x 1 £
20. Ca 10.09 2% E 68. Er x 2 %
21. 8¢ na * x 69, Tm na * t
22. Ti _0.48 t 59 t 70. Yb * t
23. V S 300 t 71. Lu x x
24, Cr t 90 ts50% 2. HE * 2 %
25. Mn _0.02 * 20% x 73. Ta na + :
o6. Fe 4,83 * 59 b Th, W ES *
27. Co 3 20 % 75. Re na * z
23. Ni : 65 . 76. Os B :
29, Cu B 40 x 77. Ir S *
30. Zn 3 85 * 76. Pt t *
31. Ga na E3 * 79. Au * %
32. Ge na * t 80. Hg * =
33. As 2 8 £ 1. T1 + t
34, Se % 9 t 82, Fb t 1.5 =
35. Br k> 8 £ 83. Bi T T
37. Rb % 7 x 8L4. Po t *
38. Sr E ~ 820 E 85. At x x
39. Y * 18 t 86. Rn * *
L0, Zr E 18 t 87. Fr x *
41, Nb x 0.3 = 88. Ra I x
42, Mo x £ 89. Ac L3 t
b3, Te B3 &3 90. Th x *
L. Ru * 5 t 91. Pa * >
45. Rh pg : : 92. U x 0.8 2
6. Pd * x 93. Np * :
L7. Ag x 0.4 % ok, Pu * x
8. cd £ : 95. Am * £
19, In S 3 9. Cm 3 £
0 9.56_ % 5% e * *
ree/F80 0.5 I 5% I 3 z
Method of Analysis: Analytical Lab.
¥C0,, from carbonate Lab. Sample No.
*¥ ﬁxpressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL.-3638
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ANALYTICAL REPORT

Fresh calcareous

Material tuffaceous sandstone IRL Sample No. 1 M 1379
17-CH-15 416.8-417.81
418.9-420,0"
Z Weight % Weight PPM z Weight % Weight PPM
1. H na + x 50. Sn X *
2. He na * * 51. Sb 3 < 0.05 %
3. Li £ 28 t 59 52, Te k3 £
L. Be na * * 53, I x 1 t
5. B £ 50 504 55. Cs + 0.3 *
6.C na x + 56 . Ba * 450 :
7. N na x * 57. la t 5 *
8.0 na, x x 58, Ce S 7 x
9. F ma S * 59. Pr £ 3 2
11. Na 3,4 59 £ 60. Nd * 4 E
12. Mg _1.89 *of t 61. Pm * x
13. Al _7.82 %29 t 62. Sm * 1 2
14, 81 - 23,39 % o9 t 63. Eu * 0.3 %
15. P 0.007 *20% * 6L, Gd * 12
6.8 _o0.u fsg * 65. b : 0.3 2
17. C1 _na 1 t 66. Dy * 1.5 2
19. K 0.85 *s% x 67. Ho 3 0.3 2
20. Ca _6.15 %29 * 68. Er x 0.7 %
21. 8¢ _na * t 69. Tm na : *
22, Ti _0.635 5% E 70. Yb x 0.5 2
23. v x 350 % 71. Lu : x
ol. Cr £ 50 5o 72. HE x 0.8 1
25. Mo _ 0.07  *20% * 73. T _ng x *
2. Fe 4,92 x59 + Th, W * *
27. Co x 16 + 75. Re na t *
28. Ni B 34 3 76 . Os e £
29, Cu * 51 * 77. Ir * t
30. Zn * 70 * 76. Pt t *
31. Ga na * * 79. Au x t
32. Ge na S * 80. Hg £ *
33. As * 2.5 % 81. T1 t *
3L, Se T 0.3 2 82. b * 1. %
35. Br + 2 * 83. Bi + +
37. Rb * 4 x 8k. Po * £
38. Sr ES 640 * 85. At £ *
39. Y * 14 x 86. Rn * *
40. Zr £ 22 t 87. Fr * :
41. Nb = < __0.05 % 88. Ra * *
42, Mo * * 89. Ac * *
¥3. Te £ 2 90. Th * < 0,05%
4. Ru B ks gl. Pa x *
45. Rh  ng * - 92. U £ 0.4 %
6. Pd e = 93. Np * x
L7. Ag £ <__0.05 % ok. Pu £ kX
48. c4 ES £ 95. Am * *
49. In E3 < __0.05 % 96. Cm x *
*CO .88 % 54 £ x £
re*e/F8™0 a1 I 54 £ * =
Method of Analysis: Analytical Lab,
% CO, from carbonate Lab. Sample No.
** Expressed as a percent of the concentration Date:

na - not analyzed
Signed:

RL.-363%5
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ANALYTICAL REPORT

Material Fresh Fossiliferous shale IRL Sample No. 222/159

17-CH-17 115"

Z Weight % Weight PPM Z Weight % Weight PPM
1. H na %% * 50. Sn x 0.05 =
2. He _na z * 51. Sb % 0.05 *
3. Li * 88 £ 59 52, Te x 3
L, Be na * x 53, I ) 1 x
5. B x 60 £ 50% 55, Cs * 1 *
6. C na * x 56. Ba x 740 *
7. N na x * 57. La * L e
8.0 na, x + 58. Ce * 9 x
9. F na + t 59, Pr * 1 *
11. N _ 1.5 % 5% z 60. Nd x 2.5 %
12. Mg 2,13 % 2% * 61. Pm x *
13. Al 8.7% % 2% £ 62. Sm k2 > £
i, 81 25,58 % 2% * 63. Eu * 0.2 *
15. P 0.008 %10 t 6, Gd E3 S
6. 8 1.47 % 59 3 65. To 2 X
17.CL _na * * 66. Dy t *
19. K 1.1 % 5% E3 67. Ho * £
20. Ca 2.56 * 2% z 68. Er * *
21. Sc na + ¥ 69_Tm na T T
22, Ti 0.7k * 5% t 70. Yb S 0.7 %
23. V 3 270 3 71. I + *
2k, Cr x 120 % 509 72. HF + S
25. Mn 0.0k izoé % 73. Ta na x :
26. Fe 5. 5 x Th. W x *
27. Co _-5 12. * 6.[1- kS 75, Re na * E3
28. Ni £ 30 * 76. Os * 0.5 £
29. Cu * 35 * 77. Ir E3 3
30. Zn = 35 2 76. Pt : x
31. Ga _na t * 79. Au S *
32. Ge _na x S 80. Hg : *
33. As * 0.3 2 81. T1 * :
3k. Se E 0.05 % 82. Fo = 1 2
35. Br * p) * 83. Bi t t
37. Rb * 10 + 8k. Po * *
38. Sr E3 400 x 85. At + k3
39. Y x 18 x 86. Rn Ed x
4o. Zr kS 120 * 87. Fr * &3
41. Nb * 0.6 % 88. Ra * *
42, Mo x X 89. Ac b3 +
43, Te + t 90. Th t 1.5 t
44, Ru * t 91. Pa x *
45. Rh _na £ * 92. U x 0.k £
L5 . Pd + + 93. Np + *
47, Ag t 0.05 ¢ 4., Pu * t
48. cd E X 95. Am * I
49. In 3 3 %. Cm 3 *
*CO 2.20% T 5% £ : 2
Fe+9?ye+3 1.22 ¥ 5% E2 E £
Method of Analysis: Analytical Lab.
*¥COs From carbonate Lab. Sample No.
**Expressed as a percent. of the concentration Date:

na - not analyzed
Signed:

RL-3635
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ANALYTICAL REPORT

Altered porphyrites
Material basalt

IRL Sample No. IM 1405

17-CH-21  150.5-154.5"

Z Weight % Weight PPM Z Weight % Weight PPM
1. ¥ na * * 50. Sn * < 0,05 *
2. He na z x 51. Sb i < 0,05 =
3. Li S ol k2 50, Te k2 S
L. Be ‘-‘ 0.5 = 53. 1 * 0.1 %
5. B x <5 * 55. Cs * 0.8 2

6.¢C na x * 56 . Ba LS 400 t 509
7. N na, + + 57. La + M +
8.0 na * * 58_ Ce + 8 +
9. F na - t 59. Pr * 1 *
11. Na 2,5 £ 5q), x 60. Nd * 3 *
2. Mg _3.73 2% ¥ 61. Pm £ *
13. A1 _9.,08 %29 £ 62. Sm t 1 %
1k, Si 25,54 *29 : 63. Eu e 0.3 %
15. P 0.005 % * 6L, Ga S 1 t
16. S 0.012 %309 x 65. To 3 0.2 *
17.C1 _na % 3 66. Dy % 1 £
19.K _0.82 fgg E 67. Ho x o
20. Ca _5.33 *oq * 68. Er * 0.5 =%
21. Sc 3 o5 504 69. Tm ne * :
22, Ti 0.55 g, x 70. Yb * L x
23. Vv * 200 *50% 71. Iu % <o0.05 %
2. Cr x 120 %509 72. HE * *
25. Mn _0,09  %10% * 73. Ta na * 1
%6.Fe _5.31  igq x Th. W x t
27. Co L 16 1 75. Re na * *
28. Ni x 35 i509  76. Os * *
29. Cu * 120 I50%.  77. Ir : *
30. Zn * 40 150 6. Pt * x
31. Ga 3 20 509 79. Au * £
32. Ge na x - * 80. Hg t £
33. As kS <0.05 * 81. T1 E3 0.1 %
34, Se x 2 * 82. Pb * 2 *
35. Br i 0.6 % 83. Bi * *
37. Ro E 5 I 8l. Po E: e
38. sr x 300 £50%_ 85. At x *
39. Y = 12 I50%  86. Rn z e
LO. Zr z 75 £50%  87. Fr = *
L1, W = 0.2 =% 88. Ra = *
42, Mo x £ 89. Ac £ *
L3, Te x x 90. Th x =
L., Ru x x 91. Pa x *
L5. Rh na + + 92. U E x
6. Pd E3 S 93. Np * :
57. Ag z <0.05 % 9k. Pu * x
L8, Ca * * 95, Am t x
59, In + < 0.05 * %. Cm T T
*g0 0.25 %59 x x *
Fet /§e+3 0.58 *5g * * x

Method of Analysis:
¥C0, from carbonate

**Expressed as a percent of the concentration.

na - not analyzed

RL-3635
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Analytical Leb.
Lab. Sample No.
Date:

Signed:




ANALYTICAL REPORT

Material Tuffaceous siltstone . IRL Sample No.1l24

17-CH-22 500"

Z Weight % Weight PPM Z Weight % Weight PPM
1. H ona £ ¥¥ * 50. Sn * <0.05 %
2. He na * * 51. Sb 1 <0.05 %
3. Li g3 6 +10% 50, Te x x
4. Be g z 3 53, I % I
5. B + 5 * 55. Cs * 0.05 %
6.C npa E: t 56. Ba * 145 >
7. N na * * 57. La x 4 t
8.0 g x t 58. Ce * 8 *
9. F na x t 59. Pr * 2 *
11. Na z.8 * oq x 60. Nd x 7 +
12. Mg _2.,35 % 29 t 61. Pm * *
13. A1 _8.52 % 2% x 62. Sm * 3. 1
14, 8i 25,89 % o9 t 63. Eu * 0.4 =
15. P 0.052 % 59 * 6k, Ga * 2 x
6. S 0.018 * 59 3 65. To * x
17. C1  ng * * 66. Dy t 2 *
19. K 0.81 % 59 t 67. Ho * 0.4 %
20. Ca _4.46 % 2% * 68. Er 1 1 *
21. 8¢ na * * 69. Tm  ng t t
22, Ti _0.89 % 59 * 70. Yo t 1 S
23. V T 530 z 71. Iu E <0.,05 2
24, Cr x <10 * 72, HE t 1,5 2%
25. Mo _0.10  *10% + 73. Ta g t :
%6.Fe _7.33 % 59 * Th. W % *
27. Co z 12 z 75. Re  na x :
28. Ni * 10 % 6. Os E: T
29. Cu * 65 x 77. Ir + x
30. Zn * 40 S 78, Pt * *
31. Ga na + ES 79. Au kS +
32. Ge ng * * 80. Hg * £
33. As * 0.1 % 81. T1 2 T
34, Se t 0.3 % 82. o * 0.5 %
35. Br x 0.5 * 83. Bi % *
37. Rb t 0.5 * 8L, Po t t
38. sr 3 105 3 85. At > x
39. Y s 20 x 86. Rn x x
Lo. Zr S 29 * 87. Fr i ]
L1, Wb = 02 % 88. Re 3 T
k2. Mo * E: 89. Ac B x
43. Te E3 ES 90. T t 0.1 %
ik . Ru : 6 I 91. Pa z T
45. Rh na * * 92. U * *
k6. Pd * 0.05 = 93. Np * *
L7, Ag * * 9. Pu * t
48, ca z 3 95. Am 3 £
49, In * <0.05 % % . Cm E £
* CO _0.07__ Fio% £ Free H.0 1.8 %59 *
+2/F2+3 1.54 59 T Bound H20 _2.18 *5% S
Method of Analysis: Analytical Lab.
*CO0, from carbonate Lab. Sample No.
** Hxpressed as a percent of the concentration Date:
na - not analyzed
Signed:

RL-3635
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ANALYTICAL REPORT

Material fprech altered tuff LRI, Sauple No. 132
17-CH-22 1443!
4 Weight % Weight PPM Z Weight % Weight PPM
**
1. H na x x 50. Sn x < 0.05 *
2. He na, + * 51. Sb * 0.1 %
3. Li % 13 * 10% 52, Te * < 0.05 #
L. Be _na x E] 53, I 3 t
5.B x 10 * 504 55.Cs * 0.1 %
6.C na x * 56. Ba * 50 *
7. N na x * 57. La L 1 x
8.0 na x * 58, Ce E 3 t
9. F na £ t 59. Pr * 0.5 %
11. Na 0.80 * 59 x 0. Nd * 3 *
12. Mg 6.0l * 2% : 61. Pm x x
13. A1~ 6.90  * 2% t 62. Sm 3 2 £
14. 8i 23.00  * 2% i 63. Eu * 0.4 =
15. P 0.025 % 5% z 6L. Gd * 1 t
16. 8 0.012 *10% * 65. o £ 0.5 %
17.Cl _na * x 66. Dy t 1 *
19. K 0.41  * 59 * 67. Ho * 0.3 %
20. Ca _5,76 % 2% 3 68. Br x 1 *
21, Sc na. * x 69, Tm na z 3
o2, Ti _0.82_ % 5% + 70. Yo 3 1 3
23. v * 310 * 71. Lu x t
2k. Cr t 400 * 504 7. HE x 0.3 %
25. Ma _0.04 % _20% x 73. Ta na * *
26. Fe 6. 19 * 59 E Th. W T T
27. Co : 12 * 75. Re  _na * :
28. Ni £ 70 x 76. Os * *
29. Cu * 24 £ 77. Ir * *
30. Zn * 31 * 76. Pt - z
31. Ga na * £ 79. Au I T
3. Ge _na 3 T 80. Heg * :
33. As * 0.4 % 81. Tl > T
3. Se £ 1 x 82. Po * 0.4 %
35. Br E: 1 3 83. Bi £ 3
37. Rob * 0.7 =% 8k, Po * *
38. Sr E3 420 x 85. At k3 t
39. Y x 18 x 86. Rn £ £
4o, Zr x 26 £ 87. Fr z x
41. Nb £ 0.2 = 88. Ra t £
42, Mo z 2 z 89. Ac £ £
)_1_3 Te * * Q0. Th + +
L4, Ru * 3 t gl. Pa * *
45.Rx _na___ X : 9. U = 3
L6, Pa kS < _0.05 % 93. Np * *
L7, Ag £ 0.1 = 9k. Pu £ z
48. Cd i t 95. Am £ i
k9. In + < 0.05 £ 9. Cm + +
Joo,, 0.47  * 59 t Free H.0 _ 7.7k %5% x
ret2/re™ _0.90  E a9 T Bound B0 _6.86 5% z
Method of Analysis: Anglytical Lab.
*C0,. from carbonate Lab. Sample No.
*% BEXpressed as a percent of the concentration Date:
na - not analyzed .
Signed:

RL-3635

-4 8-~



Appendix B

CHEMICAL ANALYSIS OF CORE SAMPLES BY
CORPS OF ENGINEERS

These data are reproduced from an IOCS Memorandum on the subsurface

*
geology of Route 17.

*See Ref. 1.

-49-



PART IV

CHEMICAL TESTS

Rock  Boring Depth Lab Sample
type number (feet) number description
1 17=CH=4 113 222/183 Calcareous shale with
8ilty interbeds
1 17-CH~4 383 1M1310 Calcareous shale
1 17-CH-13 321 222/64 Moderately weathered
‘ calcareous shale
1 17-CH-13 789 1M1316 Fresh shale
1 17-CH-17 113 222/159 Fresh fossiliferous shale
2 17-CH-5 400 1M1311 Bedded tuff
2 17-CH-7 675 1M1312 Calcareous tuff
2 17-CH-8 261-263 1M1177 Tuffaceous fossiliferous
limestone
2 17-CE-5  257-258 141006 Fresh calcareous tuff
3 17-CH-5  197-198 1M1200 Slightly weathered silty and
tuffaceous limestone
3 17-CH~-10 364~-365 1M1213 & Fresh tuffaceous limestone
M1215
3 17-CH-10 500 1M1314 Fresh tuffaceous limestone
4 17-CH-9 460-462 1M1043 Fresh tuffaceous limestone
4 17-CH~9 680 1M1313 Slightly weathered siliceous
shale
4 17~-CE~13 207-208 1M1248 Fresh tuffaceous limestone
5 17-CH-12 288-291 1M1073 Agglomerate
5 17-CH-12 383-384 1M1328 Agglomerate with tuffaceous
matrix
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Chemical tests — continued

Rock Boring Depth “Lad Sample
type number (feetl, number description
6 17-CH-12 117-148 1M1262 & Fresh tuffaceous sandstone
1M1264
6 17-CH-12 180-182 1M1281 Fresh tuffaceous siltetone
6 17-CE-12 970 1M1315 Fresh tuffaceous sandstone
6 17-CH-15 418-419 1M1379 & PFresh calcareous tuffaceous
1M1381 sandstone
7 17=-CH-T7 104~-107 1M1089 Slightly weathered and
altered diabase
7 17-CH~T 652-654 1M1093 Slightly weathered altered
diabase
8 17-CH-11  85-86 1IM1411 Fresh to slightly weathered
diabase
8 17-CH-11  497-499 1M1419 Porphyritic amygdaloidal
altered and slightly weathered
basalt
8 17-CHE-11 897~899 1M1113 Altered and weathered
porphyritic basalt
8 - 17-CE-21 151=155 1M1405 Altered porphyritic basalt
9 17~-CH-15 276-277 1M1461 & Fresh calcareous tuff
1M1465
10 17-CB=-11 926-929 1M1475 Fresh altered tuff
10 17-CH-14 577-578 1IM1117 Fresh tuff
10 17-CH-14 600-604 1M1131 Interbedded tuffaceous
agglomerate and sandstone
1 17-CH=-14 489-491 1M1147 & Slightly weathered
1M1144 lapilli tuff
12 17-CH-22 1143 1IM1317 Fregh altered tuff
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U, S. ARMY ENGINEER DIVISION LABORATORY, SOUTH ATLANTIC

CORPS OF ENGINEERS
MARIETTA, GEORGIA

DISTRICT
Jacksonville

PROJECT Route 17 ,
Interoceanic Capal Study

CONTRACT NO.

GENERAL TEST REPORT

DATE REPORTED
5 July 196§

WORK ORDER NO.

( ROCK CORES ) 4965

DESCRIPTION REQN. NO. :

See below 08-123-1NG-10:-58C
SOURCE BASE UNIT COST

See helow
FOR USE AS: DATE SAMPLE RECE{VED
TESTED FOR: LAB NO.

Chemical 4nalvsis (% by wt.) See below

MEETS FAILS

=

SPECIFICATIONS

=

SPECIFICATIONS (See below)

Lab No, - - - - - - - 222/1383 1M1310 222 /64 1M1316

Core Hole - - -~ - - - 17-CH-4 17-CH-& 17-CH-13 17-CH-13

De;.th (ft.) - - ~ - 113 383 321 69

Rock Tvpe - - - - - - 1% 1%% Lhkk L seskdens

Run -~ - ~ ~ = = = - - A __ B A B A B A B
Silicon as 8i0y - - - - - 47,30 47.72  54.30 54.36 44,75 45.20 48,10 42,48
Aluminum as Al,04 - - - - 16.37 16.39 15.45 15.66 15.49 15.21 16,72 1é.62
ron as Feguy _ _- - - - 6.41 6.33 5.56 5.40 7.37 7.45 8.10 8.02
Manganese as MnO - - - - 0.05 0.05 0.03 0.05 0.05 0.05 0.08 0.10-
Titanium as TiOp - -~ - - 0.70 0.59 0.37 0.39 0.69 0,70 0.05 0,05
Phosphorous as Py0g - - - 0.24 0,18 n.21 0.20 0.16 0.14 0.25 0.23
Ciulzium s CaO - = - - - 5.52 5.68 4,74 4,82 6.16 6,12 4,50 4,58
Magnesium as MgO - - - - 2,02 1,98 2.21 2.02 3.63 3.83 3.0 3,04
Sodium as Na,0 - - - - - 0.98 1.08 0.78 0.9 1.48 1.54 1.4 1.30
Potassium as K0 - - - - 0.70 0.78 N.98 0.68 1.48 1.48 0.85 1.00
Water,Crvstallization - - 8.95 7.70 5.46 5.02 7.17 7.40 .72 7.03
Water, Hygroscopic - - - - 5.48 5.67 3.88 3.92 4,97 4,98 4,85 4.70
Carbonates as COg 5 - 3.77 3.98 2450 2.4y FRVY) 5.02 3.38 3.48
fgnition Loss (850°C) - - 16.88 17,41 11.14 11.29 16.37 16.33 13.81 14.20
REMARKS: #Calcareous shale with silty interbeds.

**Calcareous shale.
***Moderately weathered calcareous shale.
*%%*Fresh shale.
TESTED BY CHECKED BY
REPORTED BY: 0 PHONE [0 WIRE W -
SAMPLED BY

DATE:
SAD FORM 158
28 0CT 60 Previous editions of this form are obsolets.
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U, S. ARMY ENGINEER DIVISION LABORATORY, SOUTH ATLANTIC
CORPS OF ENGINEERS

MARIETTA, GEORGIA

DISTRICT
Jacksonville

PROJECT Route 17,

Interoceanic Canal Study

CONTRACT NO.

DATE REPORTED

=) MEETS )
SPECIFICATIONS

GENERAL TEST REPORT 5 July 1968
_— WORK ORDER NO.
( ROCK (:ORES ) 4965
DESCRIPTION REQN. NO.
- See below 08-123-ENG-108-68C
SOURCE BASE UNIT COST
See below :
FOR USE AS: DATE SAMPLE RECE(VED
TESTED FOR: LAB NO.
Chemical Analysis (% by wt.) See below
FAILS

SPECIFICATIONS (See below)

Lab No, = = = = - = = = 222/159

Core Hole - - - - - © = =« 17-CH-17

Depth (fto) """ 113

Rock Type = = = = ~ - - 1*

Run = = « = = = = =« « = A B
Silicon as Si0p- - - - - - 52.36 52.08
#luminum as Aly0y - - - - 15,96 15.76
Iron as Fe203 ------ 7.93  7.93
Manganese as Mn0O - - - - - 0.08 0,07
Titanium as Ti0y - -~ - - - 0.66 0.75
Phosnhorous as Pp0g _ - - 0.13 0.11
Calcium 29 Ca0 - = = - - = 3.32  3.28
Magnesium as Mg0 - - - - - 3.96 3.93
Sodium as Nas0 - - - - - - 1.8  l.44
Potassium as K0 - - - - - 1.22 1,08

Water, Crystallization - - 6.20 6.41
Water, Hygroscopic - -~ - - 3.87 3.87
arhonates as COp - - - - 1,75 1,96
Ignition Losa (8§0°C) - - 11,81 11.93

REMARKS: *Fresh fossiliferous shale.

TESTED BY CHECKED BY
REPORTED BY: O PHONE O WIRE DW DW
SAMPLED BY
DATE:
158
::",:g':, Previous editions of this form are obsolete.
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U. S. ARMY ENGINEER DIVISION LABORATORY, SOUTH ATLANTIC

CORPS OF ENGINEERS
MARIETTA, GEORGIA

DISTRICT
Jacksonville

PROJECT Route 17
Interoceanic Canal Study

CONTRACT NO.

DATE REPORTED

GENERAL TEST REPORT 5 July 1968
( ) WORK ORDER NO.
ROCK CORES 4965
DESCRIPTION REQN. NO.
See below 08-123-ENG-108-68C
SOURCE BASE UNIT COST
See below
FOR USE AS: DATE SAMPLE RECE!VED
TESTED FOR: LAB NO. '
Chemical Analysis (7 by wt.) See below
MEETS FAILS

SPECIFICATIONS

=

SPECIFICATIONS (See below)

Lab Noe = = - = - - - 1M1311 M1312 IM1177 1M1006

Core Hole - - - - - - 17-CH-5 17-CH-7 17-CH-8 17-CH-5

Depth (ft.) - - - - - 400 675 261-263 257-258

Rock Type - = = - - - 2% 2%% 2%%k 2%k

Run - = = = = = = = = A B A B A B A B
Silicon as 8i0, - - - 53.32 53.48 59.60 59,76 23.18 23,22 64,50  64.70
Aluminum as Alp03 - - 13.83 14,04 4,59  4.74 5.93 6.08 10.13 10.02
Iron as Fep0g - - - - 5,73 5.52 3.44 3,44 5.45 5.41 2.00 2.04
Manganese as MnO - - - 0.05 0,06 0.04 0.03 0.00 0.00 0.10 0.08
Titanium as TiOp - - - 0.38 0.38 0.29 0.26 0.54 0.53 0.21 0.22
Phosphorous as Py05- - 0.24 0,22 0.09 0.10 0.72 0.56 0.48 0.60
Calcium as Ca0 - - - - 9.62 9.52 15.50 15.48 31.08 31.11 8.64 8.44
Magnesium as Mg0 - - - 2.44 2,37 1.03 0,91 2.40 2,37 1.01 0.88
Sodium as Naj0 - --- - 1,48 1,55 0.45 0.52 0.68 0.64 0.72 0.70
Potassium as K90 - - - 0.70 0.80 0.05 0.04 0.96 0.92 0.28 0.34
Water, Crystallization 6,19 6,18 3.26 3.06 3.41 3.32 5.60 5.51
Water, Hygroscopic - - 1.54 1,52 0.28 0.32 2.46 2.46 1,9 1.88
Carbonates as COp - - ~ 4,90  5.12 11,90 11.81 23.31 23.65 5.00 5.20
Ignition Loss (850 Cc) -10.16 10.43 12,20 12,28 27.40 27.22 11.70 11.98
REMARKS: xBodded Tuff

**Calcareous Tuff
***Tuf faceous fossiliferous limestone
*%%*Fresh calcareous tuff
TESTED BY CHECKED BY
REPORTED BY: 0O PHONE O WIRE DW DW
SAMPLED BY

DATE:
::D°:$R:°I50 Previous editions of this form are obsolete.
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U. S. ARMY ENGINEER DIVISION LABORATORY, SOUTH ATLANTIC
CORPS OF ENGINEERS
MARIETTA, GEORGIA

DISTRICT
Jacksonville

PROJECT Route 17,

CONTRACT NO.

DATE REPORTED

Interocegnic Capal Study

GENERAL TEST REPORT 5 July 1968
. WORK ORDER NO.
( ROCK CORES ) 4965

DESCRIPTION REQN. NO.

See below 08-123-ENG-108-68C
SOURCE BASE UNIT COST

See below
FOR USE AS: DATE SAMPLE RECEIVED
TESTED FOR: LAB NO.

Chemical Analysis (% by wt.)

See below

MEETS

=»

SPECIFICATIONS

=

FAILS

SPECIFICATIONS (See below)

1M1213

wab No, - = - - - - - 1M1200 &. 1215 IML314

Core Hole - -~ - - - - 17-CH-5 17-CH-10 17-CH-10

Depth (ft.) - - - - - 197-198 364-365 500

itock Tpe = - - - - - 3% KLt 3k%

Run - - = = = = = = = A B A B A B
Silicon as §i0y - - - -62,10 62.10 43,91 44.58 71.86  71.56
Aluminum as Al,04 - - 9.42 9.39 2,52 2.36 3.06 3.12
Iron as Fep03 - - - - 2,32 2.36 0.80 0.80 1.23 1.23
Manganese as MnO - - 0.00 0.00 0.00 0.00 0.06 0.10
Titanium as TiOp - - - 0.20 0.17 0.00 0.00 0.09 0.08
Phosphorous as P705 - - 0.68 0.48 0.00 0,00 0.07 0.05
Calcium as Ca0 - - -~ --11,23 11.32 27,17 27.10 10.72 10.76
Magnesium as MgO - - - 1,08 1,27 0.64 0.55 0.83 0.83
Sodium as Nap0 - - - - 0,78 0.80 0.42 0.50 0.45 0.40
Potassium as K20 - - - 0.36 0.42 0.36 0.36 0.32 0.25
Water, Crystallization- 3.85 3.91 1.82 1.63 1.95 2.26
Water, Hygroscopic - - 1,28 l.44 0.10 0.08 0.38 0.38
Carbonates as COp - - - 6.97 7.01 20.33 20.54 9.43 9.29
Ignition Loss (850°C) -11.58 11,44 21.77 21.75 10.53 10.83

REMARKS:

*Slightly weathered silty and tuffaceous limestone.
**Fresh tuffaceous limestone.

TESTED BY CHECKED BY
REPORTED BY; [J PHONE O WIRE W
SAMPLED BY
DATE:
SAD FORM 158
2% 0CT 80 Previous editions of this form are obsolete.
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U. S. ARMY EMGINEER DIVISION LABORATORY, SOUTH ATLAKTIC
CORPS OF ENGINEERS
MARIETTA, GEORGIA

DISTRICT
Jacksonville

PROJECT Route 17&

teroceanic Canal Ctudy

CONTRACT NO.

GEMERAL TEST REPORT

DATE REPORTED

31 July 1968

WORK ORDER NO.

( ROCT. CORES )

DESCRIPTION REQN. NO,

See below 08-123-716-106-6:C
SOURCE BASE UNIT COST

See below
FOR USE AS: DATE SAMPLE RECE!VED
TESTED FOR: B ] LAB NO.

Cherical Anaire's (7 by weight) See below

MEETS FALILS

=

=»

SPECIFICATIONS

SPECIFICATIONS (See below)

Labe Noo. =wemmmee—ee111043 101313 1ML

Core 'lole =———m—mm—=17=(li=-Q 17-CH~9 17-CH-13

Derth (Ff. )mememmmemmA0-462 680 207-20¢

Tock Ty'pe ————————— 13 [_‘;:(-7(4 IR

Run A B A B A B
Silicon 2s Si0gmmmm——=L1.12 L0.9L 62.40  62.48 3¢.,90 38.18
Llumtmen as :1.1903 ~~~~~ .81 .00 9.00 8.90 8,01 .40
Iren as Fepfg—mmm————m 3.76 3.68 3.68 3.76 3.60 3.67
Yancanese as MnO--——— 0.03 0.02 0.04 0.04 0.0L 0.04
T:tanivn as Ti0pmee——m 0.3 0.3 0.46 0.46 0.38 0.36
“krspherus as P:_»Of-—-m- 0.14 0.15 0.12 0.14 0.17 0.1¢
Calcium as Cal-———m——— 19.70 19.70 7.90 7.96 21.80 21.65
Magnesium as llgO=—m———= 2,11 2,07 2.66 2.76 2.28 2.11
Sodiurt as HapO—~—m——— 1.00  l.e 1.22 1.20 1.36 1.42
Potassiunm as KpO=—=—— 2.46  0.50 0.52 0.58 0.82 0.90
later, Orystallization L.4O  L.49 3.90 3.6k 4.10 L.25
jater, llygrosconic —=-- 2.91. 2,98 2.08 1.99 2,564 2.67
Carbonates, as COp----13.32 13.31  4.00 3.9k 15.06 k.85
Ienition Loss (7500C)-20.22 20.26 8.75 8.78 2.76  21.76
REMARKS: *Tresh tul ‘aceous limestone.

3=#81ightly weathered siliceous shale.
@=tFresh tuffaceous limestone.
TESTED BY CHECKED BY
REPORTED BY: [0 PHONE 0O wire oW DW
SAMPLED BY

DATE:
SAD FORM 158
2% 0CT 60 Previous editions of this form are obsolete.
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U, 8. ARMY ENGIREER DIVISION LAIORATORY. SOUTH ATLANTIC

CORPS OF ENGINEERS
MARIETTA, QEORGIA

DISTRICT
Jacksonville

PROJECT Route 17,
Interoceanic Canal Study

CONTRACT NO.

GENERAL TEST REPORT

DATE REPORTED

5 July 1968
WORK ORDER NO.
ROC OR
( K CORES ) 4,965
DESCRIPTION REQN. NO.
See below 08-123-ENG-108-68C
SOURCE BASE UNIT COST
See below
FOR USE AS: DATE SAMPLE RECE|VED
TESTED FOR: LAB NO.
Chemical Analysis (% by wt.) See below
MEETS FAILS

SPECIFICATIONS

=

SPECIFICATIONS (See below)

Lab No,~ = = = = = = « - 1M1073 1M1328
Core Hole- ~ - - - - - - 17-CH-12 17-CH-12
Depth (ft.) - - - - - - 288-291 383-384
Rock Type = - = - - - - 5% S5k%

Run = = = =« = = = =« - = A B A B
Silicon as 810y - - - - - - 44,96 45.10 42,46 42,64
Aluminum as Al903 - - - - - 18,62 18,39 16.88 16.36
Iron as FepO3 - - - - - - - 9.53 9,69 9.77 9.85
Manganese as Mn0 - - « - - - 0.11 0,11 6.13 0,13
Titanium as Ti0p - - - - - - 0.50 0,50 0.40 0,41
Phosphorous as Py0s - - - - 0.06 0.11 0.00 0,03
Calcium ag Ca0 -~ - = « =« - - 9.98 9.90 9.67 9.52
Magnesium as MgO - - - « - - 6.45 6,31 8.88 2,88
Sodium as Nay0 - - - - - - - 1.52 1.32 0.74 0.84
Potassium as K90 - - - - - - 0.32 0.28 0.00 0,00
Water,Crystallization - - - 4,54 4,49 5.51 5.70
Water, Hygroscopic - - - - - 4,26 4,46 6.44 5,50
Carbonates as COy - - - - - 0.26 0.26 0.14 0.20
Ignition Loss (850°C) - - - 7,34 7.24 10.74 11.16
REMARKS: *Agg]_omerate.

**Agglomerate with tuffaceous matrix.
TESTED BY CHECKED BY
REPORTED BY; [J PHONE 0O wire W DU
SAMPLED BY
DATE:
;:nozgczolsa Previous editions of this form are obsolete.
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U. S. ARMY ENGINEER DIVISION LABORATORY, SOUTH ATLANTIC
CORPS OF ENGINEERS
MARIETTA, GQEORGIA

DISTRICT
Jacksonville

PROJECT Route 17,

CONTRACT NO.

DATE REPORTED

GENERAL TEST REPORT 5 July 1968
WORK ORDER NO.
( ROCK CORES ) 4965
DESCRIPTION REQN. NO. 4
See below 08-123-ENG-108-68C
SOURCE BASE UNIT COST
See below
FOR USE AS: DATE SAMPLE RECE|VED
TESTED FOR: LAB NO.
Chemical Analysis (% bv wt,) See below

» MEETS » FAILS
SPECIFICATIONS SPECIFICATIONS (See below)

-58-

1M1262 & 1M1379 &

Lab Noe- = = = - - - IM1264 IM1281 1IM1315 1M1381

Core Hole - - - - - 17-CH-12 17-CH-12 17-CH-12 17-CH-15

Depth (ft.) - - - - 117-118 180-182 970 418-419

Rock Type - - - - = 6% 6%t 6% fx*

Run = = = = = = ~ = A B A B A B A B
Silicon as Si0p - - - -48,96 49.26 47 .64 47 .62 50,80 50.84 42,62 42,72
Aluminum as Al203 - - -15.34 15.62 16.98 17.19 18.90 19.08 13.24 13.42
Iron as Feg03 - - - - - 9,37 9.37 9.13 8.97 7.53 7.44 6.25 6,01
Manganese as MnO - - - 0,09 0.09 0.08 0,07 0,13 0.05 0.13 0.18
Titanium as TiOp - - - 0.48 0.46 0.45 0.45 0.06 0.08 0.40 0.39
Phosphorous as Py05 _ . 0,06 0.12 0.04 0.06 0.01 0.02 0.04 0.00
Calcium as Ca0 - - - - 8.50 8.42 7.4 7.00 6.26 6.28 10,76 10,68
Magnesium as MgO - - - 4.93 5,20 4,34 4,27 3.59 3.40 2,71 2.63
Sodium as Najs0 - - - - 1,40 0.9 1.28 1.12 3.00 2.75 1.48 1.50
Potassium as K90 - - - 0.36 0.28 0.48 0.40 0.60 0.45 0.56 0.46
Water,Crystallization - 3.66 3.56 5.78 6.02 4t 4,76 8.46 8,52
Water,Hygroscopic - - - 6.34  6.46 6.46 6.34 3.50 3.75 5.48 5.38
Carbonates as CO2 - - - 0.20 0.20 0.21 0.24 0.40 0.3 7.05 7.17
Ignition Loss (850°C) - 9.28 9.36 11.00 11.04 7.31 7.56 19,36 19.32
REMARKS: *Fresh tuffaceous sandstomne,

*%Fresh calcareous tuffaceous sandstone.
**%*Freogh tuffaceous siltstone
TESTED BY CHECKED BY
REPORTED BY: [0 PHONE [0 WiRE W oW
SAMPLED BY

DATE:
::Dozgl:°l50 Previous editions of this form are obsolete.




U. 8. ARMY ENGIMEER DIVISION LABORATORY, SOUTH ATLANTIC
CORPS OF ENGINEERS

MARIETTA,

GEORGIA

DISTRICT .
Jacksonville

CONTRACT NO.

PROJECT Route 1
MM

GENERAL TEST REPORT

DATE REPORTED

31 July 1968

( 0T o ) WORK ORDER NO.
ROCY CORES 1,965
DESCRIPTION REQN. NO.
See below 08-123-FNG~106-66C
SOURCE BASE UNIT COST
See below
FOR USE AS: DATE SAMPLE RECEIVED
TESTED FOR: LAB NO.
Chemical Analrrcis (€ by weight) See below
» MEETS » FAILS
SPECIFICATIONS SPECIFICATIONS (See below)
Lab. ilo. e 111 1059 1171093
Core Hole——~- 17-CH-7 17-CH-7
Ne=th (ft.) 104-107 652-451,
Run s Tope - 7 0
R - A __ B A F
5ilicon as ©1.0o- L7.76  L47.52 L4.9% L5.L2
Aluminum as la03 15.40 15.53 14.10 13.99
Iron as Fep(3 10.65 10.57 10.49 10.57
lianganese as ImO- 0.1, 0.14 0.13 0.15
Titanium as Ti0p —- 0.56 0.60 0.51 0.54
Phe sphorus as PpOc 0.01 0.00 0.01 0.01
Calzium &s Cal 12.38 12.38 13.74L 13.64
‘larnasium as g0 - ——— 8.35 €.53 a9 9.00
Sedium as Magn 1.62  1.6L4 1.52 352
Potassium as K0 — —=-= 0.14 0.12 0.14 0.4
YJater Crystallization 3.37  3.72 5.92 5.72
Later, Hyrroscopic - - 0.12 0.06 0.26 0.26
Ca~honates as COp -- 0.11  0.07 0.0C 0.00
Ienition Less (£50°C) 2.12 2.12 L34 L.3L
REMARKS: #0ightly weathered and altered diabase.
s=:8lightly weathered altered diabase.
TESTED BY CHECKED BY
REPORTED BY; {J PHONE O wiRe DY oY
SAMPLED BY
DATE:
SAD FORM 158
2% ocg'.o Previous editions of this form are obsolate.
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U. 8. ARMY ENGINEER DIVISION LABORATORY, SOUTH ATLANTIC

CORPS OF ENGINEERS
MARIETTA, GEORGIA

DISTRICT
Jacksonville

PROJECT Route 17,

lconTRACT NoO.

GENERAL TEST REPORT

DATE REPORTED

31 July 1968

WORK ORDER NO.

( ROCE_CORES ) 1965
EQN. .
PESCRIFTION  5ee below " OPL123-BC-108-670
SOURCE Sea below BASE UNIT COST
FOR USE AS: DATE SAMPLE RECE! VED
TESTED FOR: LAB NO.

-y

RS

Chemical ani-

(5 br welght)

3ece helow

MEETS
SPECIFICATIONS

=

»

FAILS

SPECIFICATIONS (See below)

7S U S —— L T b 111419 119113 1M1L40F

Core Hole mmm—mm——m—e=17=CH-11  17-CH-11 17-CH-11 17-N1=01

Depth (£, )mmmmmmmmmmem 5 6 497199 £07-£09

FERYO o N U—— - S e :

Pun - A B A B A _® A ®
Tilicon as SiCo- 46,12 L5.88 L47.16 L47.0h L5.4h L45.42 5034 5057
Alvminum as A1203 14.72 16.42 17.68 17.77 18.94 318.84 16.03 14.28
ron as FeyCs 777 7.69  9.05 9.05 9.13° 9.29 £.25 £.09
“anganese as 1'n0 0.14 0.13 0.13 0.12 0.10 0.10 0.12 0.12
Titanium as TiOy 0.56 0.65 0.45 0.45 O.hh  0.49 0.31 0.36
Phesphorus as PpOg—m—w: —mmmmmmmmeem 0.01 0.02 0.01 0,01 0.09 0,10 0.1l 0.10]
Calcium as €20 ——mmmmmm oo 9.47  9.40 9,77 9.67 8.39 £.37 6.60 A.65
Megnesium as gl e e e 11.29 11.16 Lo26 4 47 5.78 5.69 7.52  7.56
Sodium as Nag0 1.72  1.80 1.56 1l.48 1.40  1.h8  1.60  L.73
Pctassium as K50 0.06 0.06 0.08 0.10 0.12 0.14 C.¢f 0,81
later, Crystallization ————=————— 5,73 5.82 9.91 9.82 9.92 9.40 6.3L 5,82
\;ater, Hygroscopic 1.24  1.16 0.40 0.38 0.90 1.10 2.22 1.91
Carbonates as COop- 0.00 0.11 0.30 0.21 0.05 0.15 0.17 0.l2
Ipnition Loss (8500C) m—m=mm———mmm 5,32  5.48  8.8L 8.84 9.24 9.40 6.60 6.55

REMARKS:

“Altered porphyritic basalt.

*Fresh to slightly weathered diatase.
#tPorphyritic amysdaloidal altered and slightly weathered basalt.
tered and weathered porphyritic basalt.

TESTED BY CHECKED BY
REPORTED BY: [0 PHONE O WIRE o7 o
SAMPLED BY
DATE:
SAD FORM 158 . .
2% 0CT 60 Previous editions of this form are obsoleta.
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U. S. ARMY ENGINEER DIVISION LABORATORY, SOUTH ATLANTIC

CORPS OF ENGINEERS
MARIETTA, GEORGIA

DISTRICT
Jacksonville
PROJECT Route 17,

Interoceanic Canal Study |

CONTRACT NO.

GENERAL TEST REPORT

DATE REPORTED

31 July 196¢

( . - ) WORK ORDER NO.
ROCY. CCRES 1965

DESCRIPTION . REQN. NO.

See below 06-123-FNG~108-68C
SOURCE BASE UNIT COST

See below
FOR USE AS: DATE SAMPLE RECE|VED
TESTED FOR: LAB NO.

Chemical Analysis (¢ by weight) See below

MEETS FAILS

=»

SPECIFICATIONS

i

SPECIFICATIONS (See below)

Lab. llo. 1L6) - 1485
Core llole 17-Ci-15
Depth (£t.) ————m——mmem 276-277
Rlock Type - 9%
Run - A B
Silicer as SiOp- 39.94 L0.05
Alurinun as Als0 3 12,62 12.53
Iron as FepO3 5.77 5.77
ianganese as N0 —=——m—me—mem—m——e 0.04 0.04
"itenium as TiOp 0.27 0.28
Phosphorus as PoQgmmmmemmm—mmmmm—am 0.06 0.08
Calcium as Ca0 13.51 13.61
Jacnesiun as g0 2.24 2.39
sedium as lapQ 1.60 1.64
Potassiun as ¥o0 1.10 1.10
vater, Crystallizat cn ————mmom e .43 9.67
vater, Hyprosconic ——- ==—m———- — 3.16 3.1
Carbonates as COpmmmmm—mm—mmmm——m= 8. 56 8.27
Tenition Ioss (650°C)=mmmmmmm——== 20.70  20.56
REMARKS:
*Fresh calcareous tuff.
TESTED BY CHECKED BY
REPORTED 8Y; ) PHONE O WiRe o o7
SAMPLED BY
DATE:
SAD FORM 158 .
2% 0CT 60 Previous editions of this form are obsolete.
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U. 3. ARMY EMGINEER DIVISION LABORATORY, SOUTH ATLANTIC

CORPS OF ENGINEERS
MARIETTA, GEORGIA

DISTRICT .
Jacksonville

PROJECT Route 17,

|conTRACT NoO.

GENERAL TEST REPORT

DATE REPORTED

31 July 1968

WORK ORDER NO,

( POCE COP )
POCK CNRES 1,965

DESCRIPTION REGN. NO.

See below 08=123-F:10-106~68C
SOURCE BASE UNIT COST

See below
FOR USE AS: DATE SAMPLE REGE!VED
TESTED FOR: YO

Chemical Analysis (£ by weight) See below

MEETS FAILS

=

SPECIFICATIONS

=»

SPECIFICATIONS (See below)

Iab. Mo, —-e-m—mmeme——— 11475 119117 111131

Core Hole ——=w———mweem— 17-CH-11 17-CH-1L 17-Cli-14

Depth (ft. )emme—mcome——n 926-929 577-57¢ 600~60L.

Rock Tope —————mm——m—— 10% 10 1=ne

Run AP A .k A__ B
Zilicon as Si0y 52.46 52.50 48.30 LA.72 L?.8L LE.OL
Aluminum as Alz(\,j 15.81 15.74 14.90 14.83 1443 1447
Iren as Fey0q 10.09 10.09 6.89 6.93 ToL5 745
'znranece as M0 — —emm————e—— 0.13 0.12 0.15 0.14 0.14 0.11
T™.tanium as TiOn 0.58 0.52 0.46 0.50 0.56 0.51
Thespherus as P205- ——————————— 0.05 0.07 0.10 0.10 0.10 0.10
Calcium as Cal 747 T49 8.43 8.22 7.67 7.62
lMagnesium as Mp0 e——mm——m—em——  L.22 4,27 L.69 L.24 L.78 L.87
Sodium as a0 1.32  1.40 1.12 1.16 1.08 1.24
Potagsiuwn as KpO —~——meocom—eee 0,40  0.L47 1.00 1.04L 1.20 1.36
water, Crystallization —=—=—w=———= 7.71 7.87 6.2 648 6.9 6,95
Yater, Hysoroscopic —-—==- —=== 0,20 0.25 L.22 4.32 3.74 3.76
Carbonates as COp mmmmmmmmemmmme 0.09 0.09 2.49 2.37 2.30 1.93
Ienition Loss (£50°C) ——m—em— — 640  6.40 11,74 11.75 11.66 11.92
REMARKS:  xpPresh altered tufi.

s=#Fresh tuff.
=t Interbedded tuffaceous agglomerate and sandstone.
TESTED BY CHECKED BY
REPORTED BY; O PHONE 0O wiRe 0.3} o
SAMPLED BY
DATE:
158

2’:00::.:0 Previous editiens of this form are obsolete. 13'
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DISTRICT
U. S. ARMY ENQINEER DIVISION LABORATORY, SOUTH ATLANTIC Jacksonville
CORPS OF ENQINEERS PROJECT Rou‘pe %7;13.1 ctuds
MARIETTA, GEORGIA _Interoceanic Canal Ctudy }
CONTRACT NO.
DATE REPORTED
GENERAL TEST REPORT 31 July 196€
( ) WORK ORDER NO.
ROCK CORES 1,965
DESCRIPTION REQN. NO.
See belov 08-123-E1G-108-68C
SOURCE ! BASE UNIT COST
See below
FOR USE AS: DATE SAMPLE RECEI VED
TESTED FOR: LAB NO.
Chemical Analysis (& by weight) See below
. MEETS » FAILS
SPECIFICATIONS SPECIFICATIONS (See below)
Iab. Ve, UAILAT-121144
Core Hole 17-CH-11,
Deoth (ft.) 189-491
Rock Type 113
Run —A B
Siliccn as Si0p- L8.07 48,00
Aluminum as 1\1203 16.32 16.42
Iron as Fey0 7.85 7.77
ifanganese as MnO 0.10 0.11
T.tan:.un] as TiOz—- 0. 50 0053
Phosphorus as P205 0.07 0.07
Calciur: as CaO- £.30 8.25
liagnesium as Mg0 6.12 6.14
Sedium as ilas0- - 1.28 1.40
Potassiun as K50 0.56 0.64
“ater, Crystallization 5.31 5.12
Water, Urproscopic 6.26 6.42
Carbonates as COop- 0.00 0.00
Ignition Loss (850°C) 9.38 9.36
REMARKS:  yo1ightly weathered lapilli tuff.
TESTED BY CHECKED BY
REPORTED BY; [0 PHONE O WwiRE W v
SAMPLED 8Y
DATE:
SAD FORM 158 -
2% 0CT 80 Previous editieas of this form are obsolete. -
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U. S. ARMY ENGINEER DIVISIOR LABORATORY, SOUTH ATLANTIC
CORPS OF ENGINEERS
MARIETTA, QEORGIA

DISTRICT .
Jacksonville

PROJECT te 1
In&g:QcRgggouig CZ.r’xal Study

CONTRACT NO.

GENERAL TEST REPORT

DATE REPORTED
31 July 196¢

WORK ORDER NO.

( ROCK CORES ) 1,965
REQN . _NO, .
DESCRIPTION o 1 o9 onr 08-123~ENG-108-660
SOURCE BASE UNIT COST
See below
FOR USE AS: DATE SAMPLE RECE{VED
TESTED FOR: - - TCAs No.
Chem'.cal Analvsis (¥ by weight) See below
MEETS FAILS

=

SPECIFICATIONS

SPECIFICATIONS (See below)

Iab. lo. 1317

Core Hole 17-CH-22

Depth (ft.) ==—=mm—————mm 1443

Rock Type 12

Run A B
3iliecon as Si02 - — e —m = 143,28 L3.52
Slumimm as A1203 11.58 12.15
iren as Fe203---~ — 7.95 T LE
llanganese as 1m0 —— 0.14 0.13
Titanium as TiOy _— 0.74 0.70
Phosphorus as P2Ob 0.11 0.10
Calcium as Cal 7.20 7.22
jlagnesium as g0 - 10.48 10.25
Sodium as Nag0 —--- 0.55 0.55
Potassium as Kp0 —- 0.60 0.65
tater, Crystallization —— 8,91 G52
vater, Mrorocconic 7.11 7.13
Carbonates as €O, - 0.76 0.59
Ignition Loss (850°C) 15.02 14.65
REMARKS:

#*Fresh altered tuff
TESTED BY CHECKED BY
REPORTED BY: O PHONE 0O WwIRE oy W
SAMPLED BY

DATE:
SAD FORM 158
2% 0CT 60 Previous editions of this form are obsolete.
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LEGAL NOTICE

This report was prepared as an account of Government sponsored work.
Neither the United States, nor the Commission, nor any person acting on behalf
of the Commission:

A. Makes any warranty of representation, expressed or implied, with
respect to the accuracy, o of the i ion con-
tained in this report, or that the use of any information, apparatus, method, er
process disclosed in this report may not infringe privately owned rights; or

B. Assumes any liabitities with respect to the use of, or for damages
tesulting from the use of any information, apparatus, method or process dis-
closed in this report.

As used in the above, “person acting on behalf of the Commission™
includes any employee or contractor of the Commission, or employee of such
contractor, fo the extent that such emplayee or contractor of the Commission,
or empoyee of such contractor prepares, disseminates, or provides access to,
any i ion pursuant to his t or contract with the Commission,
or his employment with such contractor.

Printed in USA. Available from the Clearinghouse for Federal
Scientific and Technical Information, National Bureau of Standards,
U.S. Department of Commerce, Springfield, Virginia 22151
Price: Printed Copy $3.00; Microfiche $0.65.
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